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Part III.-ROAD-MAKING, 



SECTION I.— THE DIFFERENT KINDS OF ROADS. 

§ 1. The more important products of a forest are in the 
majority of cases bulky, and the cost of transporting them to 
the place of sale or of use affects their value in the forest very 
considerably— so much so, that in the less accessible portions of 
forests the mere extra cost of transport of the produce often 
renders its sale unremunerative. The cost of extraction of 
forest produce is frequently greater than the actual value of 
that produce in the forest. Where transport by water is not 
possible, ' forest produce must be taken out along roads, down 
specially prepared troughs or slides, or over inclined wire- 
rope ways. The roads may be constructed for ordinary traffic, 
such as carts and laden animals ; or may be specially prepared 
for transport of the forest produce, as in the case of sledge- 
roads, tramways or rolling-roads. 

Ordinary roads or paths are much more useful for ordinary 
administrative purposes than the specially prepared roads 
referred to above. 

The value of a forest is greatly enhanced by ease of access^ 
and the consequent reduction in cost of transport of the produce. 

§ 2. Roads may be classed as— 

(i) Temporary roads, 
(a) Permanent roads. 

Temporary roads are usually constructed to meet a tem- 
porary want, and need only be sufficiently durable for the pur- 
pose for which they are constructed. Temporary roads are 
commonly made, under forest management, to facilitate the 
export of forest produce. Where no roads exist forest produce 
is often unsaleable. 

The existence of temporary roads will increase the price 
offered for the forest produce, and purchasers of forest produce 

Vou II. « 
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may reasonably be compelled to use them for the extraction 
of forest produce, and not be allowed to take their carts indis. 
criminately through all parts of the forest; if these roads are 
systematically and carefully laid out, such a procedure will 
cause but little inconvenience to the purchaser, and will preserve 
to a great extent the young crop of seedlings and poles which 
are already on the ground, ready to take the place of the trees 
which are being removed. The position and gradient of tem- 
porary roads should be carefully chosen to prevent their becom- 
ing water-courses in the rainy season in those parts of India 
where the rainfall is heavy. In laying out temporary, and for 
the matter of that any, roads we should remember that if all the 
loaded carts move in one direction only^ steep ascents in that 
direction must be avoided, since full carts can go down much 
steeper gradients than they can come up. The actual gra* 
dients permissible depend upon the load and the nature of 
4ie carts used. The limit of steepness should be fixed so that 
the loaded cart should be completely under control when moving 
down the steepest inclineSj while the empty carts can be easily 
drawn up them. 

Temporary roads are usually laid out winding, in order to 
obtain a suitable gradient, so as to avoid excavation as much as 
possible in opening up the forest, and to reduce to a minimum 
the number of valuable trees sacrificed in order to make the 
road. Temporary roads should be constructed as cheaply as 
possible, so long as they are passable to the class of traffic for 
which they are made; they should be metalled only where 
absolutely necessary. 

When temporary roads cross streams whose beds are dry 
for the greater part of the year, and only occasionally contain 
water, inclined tracks are dug in the banks to allow loaded 
carts to travel up and down easily ; and a track across the bed 
of the stream itself should be made passable for carts at the 
beginning of the season in which the forests are worked. 

§ 3. Permanent roads are maintained in good order 
throughout the working season, or in some cases throughout 
the whole year. 
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The direction of permanent roads must be determined with 
much care and precision, in order to ensure the selection of the 
best available routes which the nature of the country passed 
over will permit of. Permanent roads should be made as 
short as possible consistent with a good gradient and a moderate 
cost ; shallow excavations should be made in order to obtain a 
more direct line, but heavy rock cuttings should be avoided 
as far as possible. Bridges should be constructed only when 
absolutely necessary, as they will require continual repairs if 
constructed of wood, and will be expensive to make if built 
of masonry or brick-work. Bridges are required to carry the 
roadway across deep rivers ; and culverts must be built beneath 
and through embankments made across depressions down which 
the natural drainage of the country flows. 

Greater care must be paid to the efficient drainage of per- 
manent roads than of temporary ones, especially as regards 
transverse surface and under drainage. 

As a general rule the drier the surface of the road is kept 
the easier will be the traction over it, the less will be the wear 
and tear on it. After a long period of droughti however, the 
surface of an unmetalled road becomes brittle, and is easily 
cut up. 

Permanent roads should be passable to traffic at all times 
of the year, and in localities where the rainfall is heavy must, 
in consequence, be covered with a layer of gravel, or, if practi« 
cable, with a layer of broken stone properly consolidated 
{metalled)^ (see § 25, page 21 et seq). 

Forest roads in the plains of India are generally used for 
the extraction of forest produce in the dry season of the year 
only, and in consequence are rarely metalled. If the traffic is 
so heavy that the surface of the road becomes cut up, the road 
should be covered with a layer of gravel, and if this does not 
afford sufficient protection, it must be metalled. 

§ 4. Fair-weather roads are only passable to carts during 
the cold weather or working season; they are not open to 
traffic during the rainy season. They are nearly always cart- 
roads. They are made by clearing the ground of trees and 
Vol. II. B 2 
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rank vegetation only, and are further improved by making 
ditches on either side to drain the roadway. The earth dug 
out from the ditches is utilized in raising the central portion of 
the road, and thus allowing the rain which falls on it to run off 
quickly. The trees which are on the track should ^ dug up 
by the roots. 

Fair weather roads are only found in the plains of Indi^ 
or in flat parts of the country. They cannot be made in the 
hills. 

§ 5. Roads may be classed according to their gradients 
and the nature of traffic passing over them into— 

(i) Cart-roads. 

(2) Bridle-paths'— 

(tfi) For laden camelsi mules, ponies or cattle. 
(3) For riding only. 

(3) Inspection paths. 

§ 6. Cart'Toads are roads constructed for the passage 
of carts and other wheeled vehicles ; they vary in width from 1 2 
to 30 feet, according to the nature and intensity of the traffic which 
passes over them. They should be made as nearly level as 
circumstances will permit ; the gradients given to them should be 
very low, but may vary between limits which are fixed by the 
nature of the ground to be traversed and the character of the 
vehicles used. The larger the carts the lower should be the 
gradient of the road. Where small carts are used, or the traffic 
confined to one direction only, the gradient may be steeper. 
Draugfit animals can haul the greatest possible load on smooth, 
perfectly level roads, but it is not practicable to make a 
perfectly level road for any considerable distance except in the 
plains. It has been found by experiment that the weight 
which draught animals can draw up slight inclines of no great 
length is not materially less than that which can be hauled 
along the level. 

On a road which rises i foot vertical in 44 feet horizontal 
a horse can draw } of the load drawn on the level; if the 
gradient be increased to i in 24 he can draw \ that load ; 
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while on a road which rises i foot in 10 feet he can only draw i 
of the load drawn on the level. A slight gradient is often inten* 
tionally given to roads to facilitate the drainage of their surfaces. 

The traffic capacity of a road depends partly upon its 
steepest gradient, as that determines the maximum load hauled 
without additional help at the steep inclines, a practice tote 
avoided, A few steep inclines of considerable length will con- 
sequently materially lessen the load hauled, and this will cause 
a waste of power on the more level portions. 

Bullocks or buffaloes are the draft animals universally used 
in India, and these, unlike horses, are not capable of exerting 
a greater power for a short timci so as to draw a load up short 
steep inclines. 

Cart-roads in the plains of India are usually nearly level or 
have very slight gradients ; they are sometimes raised above 
the general level of the country in order to prevent the inter- 
ruption of traffic during the occurrence of extensive floods. 

In the hills cart-roads may have more or less steep in- 
clines ; the gradient should be as low as practicable, and all 
unnecessary ascents and descents should be carefully avoided. 

§7. In Europe, experience has shown that it is cheaper 
to construct tramways (see Vol, III., Part V., Section V.) in the 
hills for the extraction of forest produce than to make cart^ 
roads, which must be metalled in order to stand the rush of 
rain-water down them. The tramways laid down are usually 
portable, and can be moved from place to place if necessary. A 
tramway can be laid on a much narrower track than that which 
is necessary for a cart-road, so that it is much cheaper to make 
in the first instance and costs less to maintain in good order. 

The ruling gradient of tramways, both as regards up and 
down gradient, is less than that of cart«roads. The cost of 
extraction of forest produce along tramways is less than along 
cart-roads. 

§ 8. Dragging roadsr^ In localities in the plains of India 
where there are no cart-roads, timber and bamboos are often 
extracted by buffaloes and bullocks along dragging roads. 
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These roads can have gradients intermediate between those 
allowed on cart-roads* and bridle-paths. 

The roads are soon cut up by the timber and bamboos 
dragged over them, and in localities where the rainfall is heavy 
soon degenerate into ravines. 

Where there are no cart-roads, dragging must often be 
allowed in order to render the extraction of forest produce 
possible; but as soon as cart-roads have been laid out no 
<Jragging should be allowed in localities where the tracks used 
for this purpose are liable to degenerate into ravines, 

§ 9. Camel roads^'^Roads constructed for the transport of 
forest produce by camels may have steeper gradients than those 
allowed on cart-roads, though not so steep as those permitted 
on bridle-paths for mules, ponies and cattle. The width of the 
road depends on the nature of the load transported, and should 
be greater when the road follows the side of a hill than when 
on the fiat. For further information on the subject of camel 
roads, see Vol. III., Part V., Section II. 

§ 10. Bridle-paths for laden animals are usually confined 
to hilly districts where it is too expensive to construct cart- 
roads. The gradients of such bridle-paths may be steeper, and 
their width tess, than for cart*roads. The width of bridle-paths 
varies as a rule from 6 to 8 feet. Bridle-paths are therefore 
cheaper, being narrower and shorter, than cart-roads. 

Bridle-paths for riding animqis are practically inspection 
paths having gradients not too steep for the passage of a ridden 
horse, but too steep for that of a laden animal. The gradient 
must not be excessively steep where rainfall is heavy, as the 
surface may be seriously damaged during the rainy season, and 
the repairs will be more costly. 

Where practicable, gradients suitable for pack animals 
should be given to a riding-path with a view to its utilization as 
a route of export when necessary. AH unnecessary ascents 
and descents should be avoided. It is not advisable to make the 
gradient of any road absolutely uniform for long distances- 
slight changes in the gradient are preferable : an easy gradient 
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is a relief from fatigue to a draught animal. The route and 
gradients of bridle*paths should be carefully chosen to give 
directness and comparative ease of traction. 

§ 11- Inspection paths are constructed to facilitate the 
thorough inspection of forests. They are especially necessary 
in hill forests, where the proper inspection of the interior is a 
difficult task unless aided by such paths. They need be only 
2 to 4 feet wide to allow of foot passengers walking along them. 
All trees and branches should be cleared for 2 feet on either 
side of the path itself. While laying out inspection paths we 
should remember that they will be much more useful i{ passable 
to a pony, and that they' may be subsequently improved into 
paths suitable for riding or pack animals, and in some cases 
even into cart-roads, as the forest becomes opened up; and 
that the gradients given to them should be as gentle as the 
circumstances of the case will permit, consistent with a 
thorough inspection of the forest. 

Inspection paths should be laid out according to well-matured 
plans with a view to opening up the forest as completely as 
possible at the least cost practicable ; and thus a considerable 
saving may be effected when the working of the forest becomes 
more intense. The purchasers removing loads of dry sticks, 
grasS| seeds, and other minor produce will make use of inspection 
paths, and accessibility promotes demand for forest products. 

Inspection paths are always useful for the efficient protec- 
tion of the forest from firoi and this point should not be 
forgotten when they are being laid out. 

SECTION II.— SHAPE OF ROAD SURFACE : ITS DRAIN- 
AGE; RETAINING WALLS; SYSTEM OF METAL- 
LING ROADS ; REPAIRS TO ROADS. 

§12. Transverse Prohlb of the Road.*— As far as 

possible water should never be allowed to rest on the surface 
of a road, as it makes the road surface soft and more liable 
to be cut up by the trafSc which passes over it. The centre 
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of all roads and paths more than 6 feet wide should be higher 
than the sides. This raising of the road is called the camber or 
barrelling of the road. 

The camber given to metalled roads is much smaller than 
that required on unmetalled roads. Codrington^ says for a road 
1 8 to 20 feet wide a camber of 3 or 4 inches is enough. It is a 
mistake to round the road surface too much. 

In the hills the surface of roads or paths less than 6 feet 
wide may have a transverse slope either inwards or outwards. 
The transverse slope given to cart«roads should be i in 24 ; if the 
slope is made too steep water running off the road will cut up 
its surface, while if the slope is too low the water will remain 
on the road, sinking into, softening, and causing it to wear out 
more rapidly. 

-Figures i and 2 show two common forms for the surface 
of roads in the plains : 

Fig. I. 



Fig. 2. 




Figures i and 2 are cross sections showing the common formi of foreii 
cart-roads in the plains 0/ India. Scale Bfeet^i inch. 

The trussed straight edge shown in Figure 29, page 84, can 
be adopted to setting out the transverse profiles of the roads 
shown in Figures i and 2. 

The dimension of the ditches which are usually constructed 
on either side of the road to take off the surface drainage 
depends upon the rainfall of the locality. In the case of 

» *' The Mainte naoce of Macadamixed Roads,*' by T. Codrington, 
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unmetalled roads they will be found sufficiently large if they 
are designed so that the earth which is dug out of them is suffi- 
cient to give the road the camber which it requires. 

The slope which should be given to the sides of the ditches 
depends upon the angle of repose (see page 8i| § 7I1) of the soil 
in which the road is being made. 

When fair-weather roads are made in the plains^ the earth 
taken out of the ditches is placed on the road to raise its centre. 
The condition of the road surface depends mainly upon the way 
in which the earth is placed ; it should be first thrown on to 
the central portion of the road until that portion is raised to the 
required height above the sides, then the remainder of the earth, 
if there is any, should be spread evenly to the correct transverse 
profile of the road. Both ditches should be dug at the same 
time, and the earth coming out of the ditches should be spread 
over the portion of the road lying between them. The depth 
and width of the ditches depend upon the width of the road ; 
for a road 16 feet wide, ditches % feet wide at the top a,nd i foot 
at the bottom and 12 inches deep, will yield sufficient material 
to give the proper shape to the road surface. The sides of the 
ditches are sloped to prevent the falling of the earth. The 
bottom of the ditches should have a fairly uniform slope in the 
longitudinal direction. 

When the road slopes for a considerable distance in one 
direction, the water which falls on the road surface accumulates 
in the side drains, and is apt to erode them considerably as soon 
as its volume becomes large. In order to prevent this 
erosion, the side drains should be interrupted at intervals, and 
channels made on either side of the road leading away from it 
down which the watef can be carried off and allowed to escape 
without doing any harm. 

The distance between these side channels depends upon 
the gradient of the road and the character of the rainfall. No 
precise rules can be given on this subject, and the position and 
number of side cuts must be determined on the ground when 

making the road. 

Vol. IL c 
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A road running transversely to the ilopc of a hill-side may' 
have part of its width in cutting and part on embankment, but 
this plan should be adopted only on gentle slopes or where the 
material for the construction of the embankment is very stable. 
On a steep hill-side, or where the soil is of a loose and 
unstable nature, it will be necessary to construct retaining walls 
to hold up the made portion of the road. It will often be found 
cheaper to cut the whole width of the road out of the hill-side, 
throwing the material from the cutting down into the ravine 
below, than to construct retaining walls to support the made 
earth. 

In every case the part of the road which consists of made 
earth will settle (see § 75, page 87,) more than the other part of 
the road, and must be either made higher to allow for this in 
the first instance, or else raised to the proper height after the 
settling process is complete* 

§ 13. Opinions diifer considerably as to the transverse 
profile to be given to hill-roads 6 feet wide, or less ; some 
advocate a slope from the outside to the inside, and others 
exactly the reverse ; the object in the first case is to prevent the 
surface water from damaging the outer edge of the road, and in 
the second case to obviate the necessity for a drain along the 
ipner edge of the road and the accumulation of water in it and 
the provision of substantial transverse under drains. In either 
case, where the gradient is steep, surface cross drains should 
be formed at frequent intervals, to carry the surface water off 
the road, preventing its accumulation and obviating the risk of 
the road surface being washed away. The advantages of 
having an inward slope are— 

(i) The protection of the outer edge from damage by 
the surface drainage. If the road slopes outwards, 
numerous revetment walls will often be necessary. 

(2) The greater protection afforded to traffic going round 

corners. 

(3) That the drainage of the hill above does not flow 

across the surface of the road, but is taken under it* 
Open cross drains require constant attention or they 
are worse than useless. 
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(4) That fewer cross drains will be required on the surface 

of the road where the gradient is steep. 

(5) That the greater portion of the traffic will pass along the 

inner side of the path, i.^., the solid portion. In the 

hills, men always walk on the lowest part of the path ; 

with an outward slope this means the outer edge 

where the path is weakest. 
The advantages of giving a hill path an outward slope are — 
(i) That there is less danger of the road slipping away by 

reason of its own weight along the outer edge. 

(2) That there is no danger of the inner ditch being filled 

up by slips, and the surface of the road being de- 
stroyed by the stream of water which would in con- 
sequence run down it. 

(3) That fewer cross drains are required where the road is 

level. 

(4) That the expense of the inner ditch and the culverts 

which tt necessitates is obviated. 

If it is decided to give the path an inward ^lope in the 
transverse direction, that slope should be i in 18. If the annual 
rainfall is under 20 inches, an outward slope shojuld be given to 
•the path, as there cannot be much wash to cat up its surface, 
and the cost of making the road will be much decreased. 
The path should in any case be given an outward slope until 
the inner drains have been constructed and the made earth 
has settled. On bare hill-sides the road surface should gene- 
rally slope inwards, especially if the soil is unstable. 

The cost of constructing a road with an inward slope and 
a good paved drain is considerably more than one which has no 
inner drain and a general outward slope. 

On the Ranikhet Road, where the outer retaining walls are 
more than 6 feet high, the road surface slopes outward, other- 
wise it has a general inward slope. 

'§ 14. Drainagr of Roads. — Slips of earth, both in cut- 
tings and embankments, may often be traced to insufficient 

Vol II. ca 
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drainage. A road surface not kept dry, and having a consider* 
able traffic passing over it, will require very considerable repairs 
annually ; the drier the surface of the road is kept the less will 
be the wear and tear on it. An efficient system of drainage 
must be provided, and precautions taken to ensure that the 
drains are always clear, and are interrupted where necessary. 

We have not only to provide for the rain which falls directly 
on the surface of the road, but for that which falls on the slopes 
above the road^ and also for the passage of the natural drainage 
of the country through the road. 

When an unmetalled cart-road is made with a fairly steep 
gradient the side ditches should be interrupted at intervalsi and 
the water which is collected in them led off on either side of 
the road by short drains. If the side drains are continuous, the 
volume of the water which is caught by them will increase with 
the length of the road, and will either erode the bottom or sides 
of the drain, or, if the drain becomes choked, will flow down and 
tear up the surface of the road. The steeper the gradient of 
the road| the more frequent should be these interruptions. ' 

§ 15. Streams which contain water all the year round 
should be bridged or made fordable. The different kinds of 
bridges, suitable for forest requirements, which may be con- 
structed, and the principles upon which their construction is 
based, is considered fully in Part IV, of this Manual, page 109 

et seq. 

Beds of streams that are dry, except during the rainy season 
and are nearly on the same level as the road, may be left un* 
altered, the road across them being made passable as soon as 
the rainy season is over. 

§ 16. Small quantities of water may be taken either over 
the road by means of an Irish bridge^ or under the road in a 
culvert. An Irish bridge^ or paved ford, is practically a pave* 
ment of stones or bricks over which the water flows, and is 
used only where the water level is but little below that of the 
surface of the road itself. Figure 3 shows a cross section 
through an Irish bridge. The section is longitudinal so far as 
the road is concerned. 
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Fig. 3. 




Figure 3 is a cross section of an Irish bridge for carrying a sma II 
stream over a path or road. 

In constructing Irish bridges the stones or bricks should be 
placed on their ends; and if bricks or boulders are use dmortar 
should be added. Sfones, more or less squared, 12 to 18 inches 
long, 6 to 9 inches deep, and 4 to 6 inches broad^ should be used 
if procurable. 

Special care must be taken not to have the side slopes of 
the Irish bridge too steep ; if the slopes are long and gradual^ and 
the Iriih bridge wide, the trough will carry the same amount of 
water as if the slopes are short and steep and the passage 
narrow. If the side slopes are gentle, carts will be able to cross 
the Irish bridges easily, and there will be no chance of their 
sticking in them. The slope should in no case exceed the 
maximum gradient for the class of road which is being made, 

§ 17* If a small water channel crosses a road it may be 
taken under the road without raising its surface in a syphon, 
as shown in Figure 4. 

Fig. 4. 
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Figure 4 is a longitudinal section of a masonry syphon under a rxjad. 
The shaded portions are masonry in section. A is the roadway ; B the 
channel through vihich the water flows; C grating to prevent the 
entry of rubbish into the syphon ; D and E are wells constructed to receive 
the silt carried down by the water. The arrows indicate the direction in 
which the water flows. Scale 8 feet =r / inch. 
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As the syphon is liable to get blocked with rubbish, an iron 
grating should be placed at the higher or upper end so as to keep 
out rubbish, and even then finer particles will find their way 
into the well. Where the amount of water to be passed through 
is very small^ wooden slab drains, square in section, or earthen- 
ware pipes, may be used. 

§ 18- Culverts may be used for the passage of small quanti- 
ties of water when the stream or drdnage channel is consider- 
ably lower than the surface of the road. Culverts may be con- 
structed of bricks or stone, and should be set in mortar if the 
weight of earth above them is considerable. The size and 
method of construction of culverts will be discussed in Part IV., 
Section VII., page 330 et seq. 

In the Sonthal Pargannahs the water of rivulets, or that 
which would collect in depressions on the higher ground in time 
of heavy rain, is allowed to pass through the embankment by 
constructing the lower part of it of boulders, so arranged that 
the water can easily percolate through it : the boulders on 
the outside of the higher side of the embankment are placed 
fairly close together, so as to keep out silt and floating rubbish 
as much as possible. [F. B. Manson.) 

§ 19. The side drains of a road in a cutting should be 
protected from obstruction due to the falling of earth into them 
from the slopes ; if the drain becomes blocked the pent-up 
water may flow down the road and damage its surface. Open 
or covered side drains should be made from 6 inches to 2 feet 
deep and 2 to 4 feet wide, to receive the water which falls on 
the slopes and to carry it off to the end of the cutting. These 
drains should not come within 6 to 12 inches of the bottom of 
the slope (see Fig. 5), to prevent their being blocked up by small 
falls of earth. Covered side drains may be in brick or stonework, 
dry or cemented ; or may be pipes of 6 inches diameter and up- 
wards. The drains are covered with coarse grass, reeds, brush- 
wood, etc., and then with coarse loose gravel or broken stone. 
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Fig. 5. 
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Figure 5 is a cross section of a road partly in cutting and partly in 
embankment on sidelong sloping ground* A 15 a breast wall to support the 
foot of the slopes B is a retaining wall to keep the made earth Cfrom slip- 
ping down ; D is the drain on the inside of the road ; 'E, E are weep holes, 4 
inches square, to allow the water which collects in the made earth to escape s 
F is the water-tight catcJfwater drain ; G is the parapet wall far the pre 
tection of the trc^fflc. The dotted line shows the original surface of the 
ground. Scale 8 feet = / inch. 
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A catch'Water drain is often necessary when the ground 
is unstable. It is dug on the slope above the cutting, and about 6 
feet from its upper edge, to intercept the surface water which 
falls on the slope, and to prevent its soaking into the upper part 
of the cutting, and causing an earth-slip. Such a drain is shown 
at F in Fig. 5. Where the cuttng is deep and the soil unstable 
a second catch-water drain may be constructed half-way up 
the slope. 

A catch-water drain may also be made in the natural slope 
above the foot of an embankment deposited on sidelong 
ground, to prevent the surface drainage from soaking into the 
base of the embankment and so afiEecting its stability. 

§ 20. Drainage OF Hill Roads AND Paths.— The system 
of draining cart-roads in the hills is similar to that adopted for 
roads in the plains. 

The side drains catch the water which falls on the surface of 
the road. This water is led under the road in culverts, or over 
the road on Irish bridges. Sometimes where streams cross the 
road both a culvert and Irish bridge may be constructed at the 
same place ; the culvert takes off the ordinary flow of water, but 
when the stream is in flood, the water flows over the Irish bridge 
as well a9 through the culvert. Bridges are constructed across 
the larger streams. 

Water flowing down a side drain having a steep slope will 
scour away its bed, unless it be lined or stepped with stone 
block paving, or slabs of wood fixed at frequent intervals across 
the ditch to check the rush of water. The water should not be 
allowed to remain in a ditch on the inner side of the road, but 
should be carried off at frequent intervals by masonry-lined 
holes (sometimes called scuppers) communicating with the 
transverse culverts or under drains. 

Water allowed to remain in the inner side drain may perco- 
late beneath the roadway, and endanger the stability of the out- 
side retaining wall. 

In the case of bridle or inspection paths, where no inner 
drain is constructed, and the surface of the road has a slight out- 
ward slope, surface drains running obliquely across should be 
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constructed to take off the surface water. These obliquely 
arranged surface drains may be constructed of poles embedded 
lengthwise in the road and projecting about 3 inches above it, or 
else of a line of stone blocks. The path is sloped gradually to 
the cross drains^ and the poles or stone blocks should be 
strengthened with earth backing, as shown in Fig. 6. 



Fig. 6. 




Figure 6 is a cross section 0/ an open surface drain, made obli quely 
across a bridle'Path with an outward slofe, to take off the surface drainage. 
The dotted line shows the surface of the road before the drain was constructed, 
A is the stone or wooden lining of the drain seenHn section. 

These obliquely arranged drains will soon become choked 
and useless if the path above is not cut down to a gentle slope. 

The outer end of the drain should have a lip made of a flat 
stone to prevent the edge of the path from being washed away. 

The distance between these cross drains depends upon the 
gradient of the path and on the rainfall ; the steeper the gra- 
dient, the closer together should be the cross drains* 

Oblique surface drains should also be made when the surface 
of the path slopes inwardS| and in this case the water which 
falls on the surface of the path is led into the inner side drain. 
These obliquely arranged surface drains should be constructed 

Vol. II. D 
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as soon as the longitudinal slope of the path exceeds the trans- 
verse slope which has been given to it, 

§ 21. Retaining Walls.— When a hill-road or path is 
formed partly by cutting into the hill-side and partly of the earth 
obtained from the cutting (see Fig. 5, page 15), it is olten neces- 
sary to construct a wall along the outer side of the road to 
retain the earth of which the outer portion of the road is made, 
and to prevent it from slipping down or being washed away by 
heavy rains. These walls are known as revetment or retaining 

walls. 

They are necessary where the slope of the hill-side is steeper 
than the natural slope of the material (see page 81, § 71,) of which 
the made portion of the road is constructed| unless the whole 
road is cut out of the hill-side. Retaining walls are usually 
made of dry rubble masonry. Retaining walls should be avoided 
as far as possible in localities where skilled labour is difficult to 
obtaiui on account of the expense which would be incurred in con- 
structing them. In such places it will probably be found cheaper 
to cut the whole width of the road out .of the hill-sidej unless 
the latter consists of hard rock. 

A p&rapet of dry rubble masonry is'often built on the top of 
a revetment wall for the protection of traffic. 

The rules for the construction of retaining walls in force 

in the Public Works Department, Panjab, are as follows^:--* 

The face batter is to be I in 4 for any height up to 14 feet. For 

higher walls it can be 1 in 3 for the part below 14 feet if 

' thought necessary. In addition to the face batter, all retaining 

walls to have an offset at the back of 3 inches, at heights of 

8 feet, 14 feet, and 18 feet from the top of the wall. The back 

of the wall up to a height of 14 feet to be vertical. The width at 

the top of all walls is to be 2 feet. All stones are to be laid with 

their beds at right angles to the face of the wall. In walls 

exceeding 18 feet in height, the back of the wall below 18 feet 

from the top may (if the soil permits) be parallel with the face, 

$0 as not to exceed 7 feet in thickness. In walling exceeding ^g 

) Cotooel J. W. Thurbani, ftE,, Supermtendisif Enj^ioecr. 
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feet in height, bands of stone set in lime mortar^ 2 feet high, 
should be inserted at intervals. 

A bevel plumb rule (sde Fig. 28, page 82,) should be used 
in order to ensure the correct slope being given to the outer 
face of the wall. The inner face of the wall is usually made 
vertical. The bed joints of the wall should be perpendicular 
to the outer sloping face. The base of a retaining wall is 
always wider, sometimes very much wider, than the top. 

When retaining walls are built of rubble masonry (with lime 
mortar) the outer face may be made vertical. 

Retaining walls should be built of large stones, and great 
attention must be paid to the bond, especially that through the 
thickness of the wall Small holes^ technically called weep' 
holes, should be left at intervals through the entire thick- 
ness of the wall to allow the water which sinks into the 
made earth to flow away. These holes should be about 4 
inches square; they should be placed about 3 feet apart 
horizontally and 2 feet vertically, and should be arranged 
chequerwise, not vertically ofle under the other. These drain* 
age holes are more necessary in retaining walls constructed 
of masonry than those which are made of dry rubble ; as, if 
no means of escape for the water which sinks into the made 
portion of the road be provided^ it will accumulate behind the 
wall, and may cause it to bulge or falU 

Retaining walls must have firm foundations dug out of the 
original slope of the hill'Side itself. If the wall has to support 
considerable weight, the foundations must rest on solid rock, if 
this is not far below the surface. Where the foundation is 
not on rock, a foundation trench not less than 2 feet deep 
should be dug, and the foundation bed consolidated by ramming 
if necessary. 
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Figure 7 is a sectioa across a bridle-path showing a re- 
taiDing wall. 

Fig. 7 
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Figure 7 is a crass setiinn of a bridlepath shoving the consfruciian 
of a rttaining vail and alto of a good form of noodtn railing for the pro- 
tectian of the traffic, a is the retaining vail ; b, b veep-vikoles in it. The 
dolled tint thovu the original surface of the ground. Scals^-^. 

Where a bevel plumb rule is not used it is advisabl e to mark 
the position and sectional profile of retaining walls in situ by 
means of sticks or bamboos and itrtng. This ensures co irect- 
ness of shape and size and length. 

§ 22, Breast walls are constructed in the same way as 
retaining walls, but are used to support the foot of the slopes of 
cuttings as is shown in Figt 5i page 15, in order to reduce the 



RAILINGS, ETC. 21 

amount of cutting that would be necessary to get a given 
width of road, when the angle of repose ( see § 71, page 81,) of 
the soil in which the road is being made is very small. They 
should be built directly the earth-work is finished. Their height 
should be such as will reduce the slope of the cutting in the 
hill-side above to its natural angle of repose. The back of the 
breast wall should be vertical for dry rubble masonry ; the front 
may be given a rbatter of i in 3. 

§ 23. Railings.— When a bridle-path or road is made 
across very steep ground, it is necessary to construct a railing or 
parapet wall along its outer edge to protect the tra£Elc and 
to give security to travellers, A parapet wall of dry rubble 
may be made along the outer edge of a cart-road, but a wooden 
railing is better for a bridle-path^ as it takes up very much less 
room and is cheaper to make where wood is available. 

The construction of a simple and strong form of railing 
in use in the Jaunsar Forest Division, North- Western Provinces, 
is shown in Fig, 7, page 20. The whole of the wood-work is 
tarred with a vegetable tar extracted from the chir pine {Pinus 
longt/olta)f in order to add to its durability, 

§ 24. Wheel-guards. — Wheel-guards are necessary on 
hill cart-roads to prevent carts knocking down the dry rubble 
parapets of the bridges, or damaging the inner drain of the 
road, especially on curves. The wheels of carelessly guided 
carts often go into the side drains and displace the side facing- 
stones, causing the drain to be blocked up and made useless for 
carrying off the surface water. In order to protect the side 
drains and bridge parapets, stout posts 4 feet long and 8 inches 
in diameter, buried i^ feet in the ground, should be placed at 
the corners and angles of the bridge parapets, and at intervals of 
15 to 40 feet along the inner drain around curves. 

§ 25. Metalling Roads. — The surface of a road may be 
made harder and more durable by depositing on it a layer of 
gravel or broken stone thoroughly consolidated. The road 
is then termed a metalled road^ and the material used road-' 
metal. By metalling a road the friction is diminished, the weight 
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hauled with a given power is increasedf and the road surface 19 
made more durable. It has been estimated that the weight 
\7hich can be drawn on a good macadamised road is three 
times and on a kankar road in proper repain four times that 
which can be drawn on an unmetalled road with the same 
power. 

The vehicles used on a metalled road do not require repairs 
so often as those on unmetalled roads. The layer of metal 
also acts as a partially water-proof covering to the road bed. 

The surface of the metalling should be smoothi hard compact f 
and Well consolidated. The layer must be supported by an un- 
yielding road bed surface. A metalled road can be used all the 
year through ; an unmetalled road is unfit for heavy traffic during 
the rainy season. 

§ 26. Suitable gravel for metalling may be obtained from the 
beds of the streams which cross the road, or froni any decompos- 
ing rock which may exist on or near the road. The cost of 
spreading gravel over a road in the neighbourhood of a stream 
will be small. The gravel should be passed through a screen or 
large-meshed sieve to separate the larger stones from the 
smaller ones; the larger stones maybe deposited on the earthen 
surface and rammed into it, and the smaller gravel, etc., used 
for the surface of the layer of metalling. 

Rounded water-worn stones, shingle from a sea beach^ and 
similar material must be mixed with a binding material (sand) to 
ensure their consolidation in the road crust. 

A layer of gravel 6 to 8 inches deep will be sufficient for most 
forest cart-roads : half this depth may be put down in one year 
and the remainder the year following. The layer of gravel 
should be consolidated by roUingi or by ramming if no rollers 
are available, when it is slightly moist. 

The gravel should be put down just before the rains, if 
labour can then be obtained, so that it may become consoli- 
dated before the next export season commences. 

Purchasers should not be allowed to drag timber, bamboos, 
and other forest produce over any road. 

As soon as ruts begin to form they should be filled by 
raking gravel from the nearest portion of the road into the rut. 
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This process should be repeated as required until the gravelled 
surface ceases to yield to the weight of carts passing over it. 
If this precaution be neglected^ the layer of gravel will soon 
be broken through, and the road surface will be almost as bad 
as if it had never been covered with gravel at all. A few men 
should be permanently on this work. 

§ 27. In some places in Assam, owing to the swampy nature 
of the ground, it is often impossible to construct a road in the 
ordinary way fit for elephants to pass over, and the following 
system of corduroying has been introduced by Mr. D. P. 
Copeland, Deputy Conservator of Forests, with great success. 
Rough logs 2 feet and more in diameter are placed trans- 
versely across the line of road at intervals of from 2 to 6 feet. 
These logs extend about 2 feet beyond the intended width 
of the road on either side ; after the logs have been placed in 
position, they are adzed down (3 or 4 inches) along the width 
of the roadway. The 2 feet on either side of the road being 
left untouched, a notch 3 or 4 inches deep is thus made in 
each log, the exact width of the road. Long logs^ fitted close 
together, breaking joint with each other, are then laid in the 
notches, the length of the logs being parallel to the direction 
of the road ; and across these again, parallel to the notched logs 
first laid down, a good layer of reeds is laid the full width ^of the 
roadway and covered with 6 inches of earth. In order to pre- 
vent the earth from being pushed off by the traffic, young 
saplings or bundles of reeds are tied along both sides of the 
roadway. If Uriam (Bischoffia javanica) logs are used, and 
necessary repairs attended to for a couple of years, a permanent 
roadway is formed which can be treated in the ordinary way. 

§ 28, The two systems of metalling roads generally adopted 
are those introduced by Macadam and Telford ; a road metalled 
according to Macadam's system is termed macadamized. 

Macadam's System. — The stone for metalling is broken 
into small pieces approximately cubical in shape, the maximum 
length of the side of the cube being about i \ inches ; the tougher 
the stone the smaller it may be broken, the smaller the pieces 
of stone the sooner will they be consolidated to form a hard 
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surface to the road. The usual method of testing the size of road 
metal is to pass it through a ring of sufficient diameter to allow 
the largest size of stone permitted to pass all ways through 
it. In breaking up rock to form road metal, only 50 to 60 per 
cent, by volume of the rock will be available for road metal to a 
2-inch gauge. 

The total thickness of metalling varies from 6 to 12 inches 
consolidated to 5 and 10 inches respectively ; the thickness of 
the layer depends upon the hardness and rigidity of the road 
bed and the weight of the traffic expected ; a 6-inch layer is 
sufficient for ordinary soils. 

Jhamaf i>., vitrified bricks (see Volume I., page 11), broken 
into fragments li to 2 inches cube and mixed with half the 
quantity of well burnt bricks similarly broken, makes good 
road metal. (/?• L. Heinig.) 

The surface pf the road bed or formation surface should be 
thoroughly drained, consolidated, and properly shaped before the 
stone is added. The transverse profile of the road bed is usually 
sloping both ways from the centre line towards the sides of the 
road, the angle of slope being from i in 20 to i in 30, according 
to the drainage quality of the soil. The metal should be put on 
in layers 3 or 4 inches deep, the first layer being consolidated 
by rolling, or by the traffic passing over the road, before the 
second layer is added. When rolling a road always commence 
at the sides and work towards the middle ; if rolling is com- 
menced at the centre and proceeds towards the sides the metal 
will spread laterally. If the first layer of metal is consolidated 
by traffic the ruts formed in it should be promptly filled up by 
raking stones into them from either side. 

When the first layer is fairly consolidated the second layer 
should be added during wet weather, or after the surface of 
the road has been thoroughly watered. If a third layer is 
added it should be laid in the same way as the second. The 
hsirdest and toughest stone should be kept for the upper layers? 
while the larger and softer stone should be placed in the 
lower layers. 
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Where only a portion of the width of the road is to be 
tnetalledj the metalling should |;>e placed on the portion of the 
road where the heavy traffic travels, and should be well drained. 

Metalled roads should, if possible, be consolidated by rolling, 
as the resulting surface of the road will be more uniform and 
<^ven, and will wear better than if consolidated by traffic only 
or simply rammed. 

§ 29. Telford^s System differs from Macadam's in that 
a layer of large stone blocks is first laid on the flat formation 
road surface, and upon this solid pavement broken stone is laid 
as in Macadam's system. It is a better but more expensive, 
way of metalling a road. 

Telford prescribed in the case of the Holyhead Road that 
upon the level bed prepared for the road materials a bottom 
course or layer of stones is to be set by band in form of a close, 
firm pavement ; the stones set in the middle of the road are to be 
7 inches in depth, at 9 feet from the centre 5 inches, at 12 feet 
from the centre 4 inches, and at 15 feet 3 inches. They are to 
be set on their broadest edges, lengthways across the road, and 
the breadth of the upper edge is not to exceed 4 inches in any 
case. All the irregularities of the upper part of the said pave- 
ment are to be broken off with the hammer, and all the inter- 
stices to be filled with stone chips firmly wedged or packed by. 
hand, with a light hammer; so that when the whole pavement is 
finished there shall be a convexity of 4 inches in the breadth of 
15 feet from the centre. 

If the road bed be as hard and rigid as a rock surface, there 
is no need for a Telford sub-pavement ; on soft soils the broken 
stone on the pavement cannot sink down into and become 
mixed with the earthen surface ; the pavement also acts as a con- 
tinuous under drain for the road crust. 

In both Macadam's and Telford's systems it is necessary to 
mix with the top layer of broken stone some binding mate* 
rial, to fill the interstices and cement the stones into a compact 
mass. Fine pea gravel with a proportion of about one-fourth 
of sandy clay may be mixed with the top layer before deposition 

Vol. n. B 
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or dry powdered clay may be spread over the surface of the 
rolled layer, and be well brushed into the spaces ; or sandy 
clay may be reduced with water to creamy consistency, and be 
poured over and well brushed into the interstices of the com* 
pacted top layer. 

$ 30. Kankar ROADS.~Kankar is used largely for metal- 
ling roads in the plains of India where it is found ; it forms a 
very good and durable road for fairly light traffic. Kankar is 
laid down in layers 4^ inches deep consolidated to 3 inches. 
Two layers are generally sufficient ; the lower layer should be of 
block kankar when procurable. The pieces of stone in this 
layer may be as much as 4^ inches in diameter. The upper layer 
should consist of small pieces of washed and screened kankar ; 
each layer should be consolidated with heavy rammers while 
thoroughly drenched with water ; a plentiful supply of water is 
most essential to the thorough consolidation of the road sur- 
face, as without it the kankar will not bind properly. The 
kankar should have three rammings, one when dry, one when 
wet, and the third when soaked with water. 

§ 31. Repairing Roads. — Roads metalled with stone must 
be kept in a proper state of repair, and this is best done by 
keeping a small gang of men permanently on the road to execute 
such petty repairs as may be necessary, each man or gang of 
men being given a certain length of road to keep in repairs. 
Ruts and hollows are to be promptly filled up with small pieces 
of broken stone and carefully consolidated. 

When the layer of metalling has worn down to a thickness 
of 4 inches more metalling should be added. The surface of the 
road to be re*metalled should be well watered and loosened to a 
depth of 3 or 3 inches with a pick, so that the new layer of metal, 
which should be 3 or 4 inches thick, may unite with the old 
road crust. 

Repairs to a kankar road should be done in rainy weather, or 
the road surface must be very thoroughly watered while the 
work is going on. The new layer of metal added should be 
cqqsqli^ated by rolling if practicable. If the traffic over the road 
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is considerable, only onejialf of the width of the road should be 
repaired at a time. 

If a road metalled with kankar is not kept in repair, it 
is not much better than an unmetalled road. If, howeveri it 
is properly looked after, and all ruts and holes promptly re- 
paired, it may be allowed to wear down until the upper layer of 
kankar has to be renewed. Petty repairs should be carried out 
all the year round, and any extensive repairs that may be neces* 
sary sliould be executed at the beginning of the cold weather. 

When the surface breaks up into holes, the edges of the holes 
should- be cut to a regular «hape to the same depth as the 
centre of the holCi and the cavity thus formed should be filled with 
small pieces of kankar, to a thickness of i| times he depth of 
the hole, and beaten down to the level of the old surface of the 
road. The edges of the ruts that are i^ to 2 inches deep should 
be cut clean and straight, forming shallow trenches about 2 feet 
wide, which are filled with small kankar thoroughly compacted. 

§ 32. Unmetalled Roads.<— It Is most essential that the 
surface of unmetalled roads should be kept permanently above 
the level of the surrounding country, for if the road surface 
once becomes lower than that of the surrounding country the 
road soon degenerates into a water channel| and becomes quite 
impassable for traffic. Consequently, where the traffic is heavy, 
earth will have to be thrown on the road annually so as to keep 
its surface higher than that of the surrounding country. If the 
soil of the road is a stiff clay it may be improved by spreading 
sand over its surface and rolling it in. If the road passes over 
loose sand the surface of the roadway may be improved by 
the addition of dry powdered clay or by spreading grass or 
brushwood on the road and a foot of earth on the top of this 
layer. The best season for repairing unmetalled roads is the 
end of the rainy season, When the soil is still moist and can 
easily be xonsolidated and worked. All the ruts and holes 
should be loosened with a pick and filled with fresh soil taken 
from the side ditches. This soil should be ^well beaten down, and 
the road restored as far as possible to its prq^er shape. 

Vol. IL b s 
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SECTION III.— THE ALIGNMENT OF ROADS AND 
PATHS IN THE HILLS AND PLAINS. 

§ 33. It must be distinctly understood that it is impossible 
to learn how to align a road or path by only reading how this 
important process is done in a book. 

After the principles upon which the process of aligning a 
road or path have been mastered by reading, and are quite 
familiar, the actual procedure of aligning roads or paths can only 
be learnt practically in the field. 

The process of aligning a road or path is the selection 
of the exact route which the road or path is to follow. The 
actual choice of this route is the most important operation con* 
nected with rQad-making. The line chosen will usually form 
the centre line of the road or path when it is constructed. If 
the alignment of the road is badly chosen in the first instance, 
unnecessary expense will probably be incurred in the construc- 
tion of the road; the annual cost of repairs to it will be 
greater; and, when a higher class of traffic is brought over 
the road, necessitating a lower ruling and average gradients 
(see § 37, pstge 34)1 it may be found cheaper to construct an en- 
tirely new road rather than alter the existing one, thus sacrificing 
aii the money which has been previously spent on it. If, how- 
ever, the line is skilfully chosen in the first instance— although 
funds may not be then available to make the road at first as it 
will be finally constructed, and although temporary diver- 
sions may be necessary ia order to avoid physical obstacles 
which will be gradually removed when money is forthcoming— 
what has been done will not have to be undone when the road 
is improved to carry the higher class of trafHc. 

An error in the method of constructing the surface of the 
road itself can be easily remedied, but mistakes in the first 
alignment of a road cannot be so easily overcome. It is most 
important that the best possible route for the road that can be 
obtained should be chosen in the first instance. This will 
require a most careful examination of the country, and the 
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laying out of several trial lines to produce one which, taking 
everything into consideration, is the best suited for the par- 
ticular class of road. Such extra preliminary work will always 
be more than compensated by the ultimate results obtained. 

The general principles which govern the alignment of roads 
and paths apply equally to the different classes of roads enumer. 
ated on page 4. After the general direction of a road or 
path has been determined, the actual line to be followed will 
depend to a great extent upon the^gradients allowed on the 
road or path in question. Speaking generally, the line which 
a given road is to follow is practically determined by the gra- 
dients which are permissible on it. When the class of road 
which is to be constructed has been settled, and the difference 
in elevation between the two points to be joined by the roads is 
known, as well as the shortest horizontal distance between the 
two points, then theoretically the best road which can be con- 
structed will be one which has a practically uniform gradient, 
and follows as closely as possible the most direct (r.^., the 
shortest) line between the two points, provided that the gra- 
dient does not exceed the average gradient permissible on the 
class of road in question. 

Practically such a line can very rarely, if ever, be found 
even in the plains of India. Physical obstacles, such as valleys, 
ridges, rivers, large rocks, ravines, precipices, cross the direct 
line between the two places which the road is to join, and the 
line which the road is to follow must of necessity be altered 
so as to overcome these difficulties, while having a proper gra- 
dient, and at the same time following, as far as possible, the 
general contour of the country, so as to avoid the construction of 
large embankments, or the excavation of deep cuttings. 

Before commencing to align a road on the ground the best 
available maps of the country should be obtained, showing 
the position of the chief markets and centres of production, and 
the principal existing roads with which the new road may be 
connected. The new lines of communication should pass through 
the richest parts of the country and through the largest or most 
flourishing towns. The country to be traversed should then be 
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examined on the groundi and the map corrected where neces- 
sary. The general and physical features of the country 
through which the road is to pass, as well as those of the adjoin* 
ing country influenced by the road, should be carefully examined* 
It is important to know the total difference in height between 
the places to be joined by the road| and also the heights 
of the tops of the ridges and the bottoms of the valleys crossing 
the line which the road has to follow. 

The country through which the road is to pass is examined 
in detail, map in faand| special attention being paid to the 
river crossings, the valleys and ridges, and particularly to any 
difficult and broken ground through which the road may have 
to pass. The gradient to be given to the road must be kept 
in mind, as it materially affects the choice of a line ; and a 
country through which it would be difficult to make a cart-road 
may offer comparatively few difficulties to the construction of a 
bridle-path for pack animals. 

The country should be traversed, map in hand, two or three 
times in both directionsi ast he physical features of a country 
present very different aspects when looked at from opposite 
directions. 

Existing tracks may furnish much information as to the best 
lines to be followed. When a new forest area has to be 
opened up a general scheme of roads and paths should be 
carefully determined before the alignment of any of the roads 
or paths is finally fixed ; and this general scheme should be 
followed closely, modified if need be as more accurate informa- 
tion becomes available ; the roads should be constructed in the 
order of their relative importance and as funds are available. 

§ 34. Before commencing the actual alignment of any 
road or path the following points must be considered, as they 
will be found to have a very considerable modifying influence 
on the actual choice of the line which the road or path is to 
follow :— 

(i) The object for which the road is to be constructed. 
(3) The natural features of the country. 
(3) The gradients allowed on the road. 
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(4) The position of the market or markets. 

(5) The existing roads. 

(6) The proximity of good metalling. 

(7) The cost of constmction, 

§ 35. The Object /or which the Road is Constructed.^U 
the road is to serve as a main export road, it should be made 
as direct as possible from the forest area to the principal 
market or markets. 

If, however, the object for which the road is constructed 

is to make the different parts of a forest more accessible, 
a circuitous road, or one from which branches run up the 
different val^ejrs or other natural divisions into which the forest 
is divided, will generally be found to be the most useful. 

The roads should be made as near the lower boundary of 
the forest as possible, so that the' produce may be brought 
down to the road and then transported along it to the market^ 
A road constructed through the upper portion of a forest 
is practically only of use for that part of the forest which is 
above it. If a road is carried up a valley, it should follow the 
bottom of the valley as far as possible consistent with the safety 
of the road itself, so that the produce from both the slopes 
of the valley may be taken out along it. 

The above remarks apply equally to the alignment of roads 
in the hills and in the plains. 

§ 36. The Natural Features of the Country. — The natural 
features of the country may chiefly determine the line which 
the road must follow. In a flat country several routes may be 
practicable, but in a hilly district or one much broken by ravines 
the cost of overcoming the unavoidable physical obstacles found 
on many of the possible Hnes may render the construction of 
the road following them out of the question. 

Localities which are very liable to land-slips, or sides of 
valleys which are evidently unstable, should be studiously 
avoided if possible. If a road is taken across an area which 
IS subject to constant slips, the trafSc along it may be either 
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completely stopped for long periods of time or have to be taken 
along some other more circuitous route. 

In laying out a road there are always some points through 
which the road^ either from physical or economic reasons, must 
pass. These are technically known as obligatory points. For 
instance, the road must cross a large river or a range of hills. 
In the first case the river may be passable only at certain points 
of its course, and through one of these the road must pass* 
In the case of the range of hills the lowest part of the range in 
the general direction of the road would be chosen. The top or 
^oot of precipitous ground, or a large rock which it would be 
too expensive to remove, often forms an obligatory point in the 
alignment of a hill road. 

When a difficult piece of country has to be traversed and com- 
paratively easy ground lies on either side of it, the best prac- 
ticable line through the bad portion should be selected, each 
end of this line will form a point to which the road must be 
aligned through the easier portions of the country. 

The position of important towns, of valuable pieces of culti- 
vated land, and of plantations and the sources of supply of 
material for metalling often form obligatory points in the align- 
ment of a road. 

In the plains, besides towns and cultivation, we may have 
to avoid swampy ground, local depressions and rises, ground 
where the cost of repairing the road would be excessive, or 
where an expensive scheme of drainage would be necessary 
in order to render the road passable to traffic. 



Figure 8 illustrates th§ alignment of part of a road^ shoving hov 
difficulties of a physical nature may be avoided. A is the point above which 
it is not economical to make a road. B is lovflying land near the bed of 
the stream. C and D are cliffs which must be avoided. E is also a high cliff 
to be avoided, and the road rises after crossing the stream as quickly as the 
gradient will allow, and passes over the cliff at E, avoiding that at D. 
The road must re*cross the river at F as it is the narrowest part of the stream. 
The stream widens out quickly below this point. G is the forest guard's 
house, where the export produce is examined s and His a revenue check station 
where the forest produce it again inspected. The road must f ass through 
G H , and therefore cannot run straight to the market situated at L. The road 
has also to avoid the pieces of private property shown and also the hill K. 
Bridges will have to be made across the stream atP, O, N and F. The 
broken lines are contour lines. 
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§ 37, The Gradients allowed on the Road.— The gra* 
dient of a road is the inclination of the plane in which the 
road lies to the horizontal plane. The ruling gradient of 
a road is the steepest gradient permissible for the class of 
traffic which is to pass over it. The following table gives 
the ruling gradients for the different kinds of roads in common 
use :— 

For foot-paths for laden coolies • 

^, bridle-paihs for horses 

^y „ for pack animals 

„ roads for camels • • • 

19 fair-weather roads for small carts 

I, roads for high-class wheeled traffic 

The higher the class of wheeled traffic the lower should be 
the ruling gpradient* 

It should be remembered that these are the absolute maxi- 
mum gradients which can be adopted for the different classes of 
roads and paths given. These gradients can only be used for 
short distances (200 or 300 feet), and only when absolutely neces- 
sary. Such gradients should always be immediately followed 
by similar lengths of road with a gradient not exceeding, and 
if possible lower than, the average gradient of the road in 
question. 

The average gradients for the above classes of roads when 
the object is to ascend from one place to another should be as 
follows :— 

Foot-paths for laden coolies . " . • I in 5 



I in 7i 
I in .10 
I in 12 
I in 25 
I in 50 



Bridle-paths for horses • 

' I, for pack animals . 
Roads for camels • 

Fair-weather roads for small carts 
Roads for high-class wheeled traffic 

In the above tables the first figure indicates a vertical height, 
the second a distance which for convenience may be measured 
along the surface of the road ; for example, a gradient of i in 
5 means a rise of i foot vertically for every 5 feet measured 
along the road. It must be noted that these ratios do not 
represent the actual magnitude of the gradient as defined 
abovci but so long as the angle of inclination is small, as it is 
in the case of a road, the error is practically too small to be ol 
any consequence* 
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The quality of a road, so far as its value as a means of 
export is concernedi depends upon that of the steepest portion 
on it| as this will determine the maximum load which can be 
taken along it. 

Slow traffic can without over-exertion of the draught animal 
ascend gradients as steep as i in 16 or l in 20 even, where the 
ascents are continuous for several miles. For single ascents 
(where the country is not undulating) exceeding 5 miles gra- 
dients of I in 16 or I in 20 are too severe; in such cases the 
gradient should not exceed i in 241 and with this gradient 10 
miles of continuous ascent can be surmounted without a halt or 
undue exertion on the part of the draught animals.^ 

§38* In the hills the following points require special atten- 
. tion :— 

{a) The road or path should never rise or fall unnecessarily, 
and should be taken round, either below or above 
obstacles which are too expensive to remove without 
I exceeding the ruling gradient. 

[i) The quantity of ascent and descent should be divided 
as evenly as possible over as long a distance as the 
nature of the ground will permit of, in order to make' 
the gradient as generally uniform and as low as pos- 
sible. 

(c) Zig-zags should be avoided ; they are difficult to lay 
out, and the sharp turns are dangerous to the traffic on 
the road, and can rarely be utilized for a higher class 
of traffic than that for which they were originally 
constructed. The drainage of zig-zags without risk of 
damage to the road is difficult, and on unstable ground 
the road itself may be endangered. It is generally 
possible to carry an inclined roadway up a slope 
without reversing its directioui or by making one or 
two turns at the most in the direction of the road. 

^ "A Treatise on Mountain Roads," by General H. St. Clair Wilkint, 
pages 70, 71 and 7fi. London, i88o« 
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(d) The sunny side of a valley or the side exposed to drying 

winds should generally be chosen where practicabley 
as the road surface will be drier. In hot districts the 
shady side should be selected for the sake of coolness. 

(e) The gradient of the road should be most carefully 

maintained, and the ruling gradient should never be 
exceeded. Long stretches of road with absolutely the 
same gradient should be avoided. The same gradients 
should be maintained for at least a quarter of a mile if 
practicable. A road can be made much less tedious by 
laying out the gradient alternately slightly steeper and 
gentler than the actual gradient necessary to take the 
road from one fixed point to another. 

if) When the slope of the ground is less than the mean 
gradient of the road which is being aiignedi the road 
should be made as straight as possible. When a 
ravine runs far into the hilUside the line should not 
always be taken all the way round the ravine at a gentle 
gradient but may descend until the bottom of the 
ravine is^ crossed, and then ascend again to the same 
level if this is necessary. 

{g) Every possible effort should be made to avoid taking 
roads through places where there is much risk of land- 
slips. 

{h) The water supply of the road must also be attended to. 
If the road is many miles in length (lo miles and 
upwards), it is necessary that water should be available 
for the draught cattle, otherwise the want of water 
en route may absolutely prove prohibitqry of the adop- 
tion of a line favourable in other respects.^ 

(0 Convenient halting-places should be made if the road 
exceeds 5 miles in length, Plateaux which may occur 
contiguous to the road, should be made easy of access, 

i*'A Treatise on Mountain Roads," by General H. St Clair Wilkins, 
page 9. London. 1880. 
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so as to obviate the necessity of the carriers halting 
their vehicles on the road itself. 

§ 39. In tiie plains the transport of forest produce by carts 
is cheaper than by pack animals or by coolies ; consequently 
roads made in the plains are for the most part constructed 
for cart traffic. The gradient to be given to the cart«road 
depends upon the size and nature of carts used, the strength 
of the draught animals, and whether the road is metalled or 
unmetalled. The gradient of a metalled cart-road constructed 
for a high-class wheeled traffic should never exceed i in 30 ; 
for unmetalled roads which are less important i in flo, and where 
small country carts are used it may be i in 15 for short dis- 
tances. Where laden carts move in one direction only, as is 
often the case in the transport of forest produce, steeper down 
gradients than those given above may be allowed in the 
direction of the loaded traffic. 

On unmetalled roads^ which are rough and produce great 
friction, steeper gradients are allowed than on metalled roads 
with smooth hard surfaces, because the increased tractive 
power required on such a rough road would carry the load 
over steeper gradients than could the tractive power just 
required for the load on a level metalled road. The bad road 
of course requires actually greater tractive power than the 
good one, and the same tractive power being used for both, 
the number of working hours and the distances travelled on 
the good road with a hard surface becomes reduced on the bad 
road with the rough surface.^ 

Where the 'country is very flat, slight deviations from the 
straight line should be made in order to break the monotony of 
an absolutely straight road ; short reversed curves at intervals of 
3 miles will effect this without materially increasing the length. 
The sides of the road at the reverse curves may be planted with 
trees. It is often advisable, where the country is very flat, 
to give the road a series of short longitudinal slopes, to 

1" A Treatife on Monntaln Roads,** hj General H. St Clair Wilkins , 
psges 58, 59, London, i88o. 
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facilitate the proper drainage of its surface ^ minimum slope 
of I in 125 is commonly adopted. 

§ 40* The Position of the Market or Market$,'^h road 
should not necessarily go straight to the principal market, 
but should be aligned so as to pass near or through such 
places as are likely to become markets for the produce of the 
forests. 

§41. Existing Roadsj^ln laying out a new road coui* 
siderable attention should be paid to the direction of such roads 
as are already in existence, in order that the new road may join 
conveniently on to those which already exist, so that they may 
be utilized as far as possible for the extraction of the forest 
produce. 

§ 42- The Proximity of Good Metal ling.^lhia may be 
occasionally of considerable importance in the plains, where 
good road metal is often scarce. It is sometimes advisable to 
change the direction of the road slightly, if it is to be 
metalled, in order that it may pass through places where good 
metalling is to be obtained, if thereby the cost of the construe* 
tion and up-keep of the road will be materially lessened. 

The supply of good material should be ample not only for 
the construction of the road but also for its future maintenance 

It has been calculated^ that between A and B^ a distance of 
40 miles in the plains, if the road is aligned anywhere within the 
parallelogram ADBC (see Fig. 9), where CD is 8 miles long 
the length of the road will, other conditions being the same, 
be increased by only 2 per cent., and if good metalling is to be 
obtained within that area the road should pass near the spot 
where the road metal is found. 



* Roorkee " treatiM ob Civil Engineering,'* Vol. II., page tf i6» i 2Sh, 3rd 
Bd«, 1877. 
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Figure g is a diagram to show io what extent the alignment of a foad 
may depart from a straight line in order to bring the road near a locality 
where good metalling exists. 

§ 43. The Cost of Consfructionr^The following informa- 
tion^ may be useful in helping to determine which of two 
alternative routes will be the cheaper to adopt. 

The cost of I mile of embankment 4 feet high is equiva- 
lent to the cost of 36 feet of waterway in small bridges, or 
10 feet of waterway in large bridges, or to -^ of a mile t>f 
metalling. In important roads deviations are rarely necessary in 
order to avoid earth-work only. 

The cost of construction of a cart-road in the plains is much 
less than that of a similar road in the hills, on account of the 
smaller quantity of rock which has to be removed and to the 
ease with which a line with gradients generally suitable for the 
road can be found. 

§ 44. The Actual Alignment op Roads in the Plains. 

-*-In aligning a road in the plains the foUowing points require 
careful consideration:-* 

(0) The height of the road surface above the natural sur- 
face of the ground to raise it above ordinary floods. 
{i) The provision of a sufficient waterway for the passage 
of streams or rivers when in extremely high flood, 
and for any natural drainage intercepted by the 
road. 

^ Roorkee "Treatise on Civil Engineering," Vo\, II., p^ge flt^, f 849, 3rd 
Ed., 1877. 
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(c) The choice of sites for the principal bridges^ especially 

'with regard to the selection of good foundations for 
their piers and abutments. 

(d) The careful determination of the number and dimen* 

sions of the spans of a bridge. 
{e) The best method of constructing the bridges at the least 

cost consistent with the requisite strength. 
(/) The conparative rates of the carriage of materials to the 

road and of the labour employed on it. 
(^) If the road is to be metalled, the nature of the road 
metal procurable, the distance of the quarries from 
the road| as well as the materials available along the 
road for building purposes. 
Roads in the plains consist as a rule of long straight 
portions joined by gentle curves ; the straight portions may 
be laid out with a prismatic compass, or, if this instrument 
is not available, by ranging flags exactly one behind another 
so as to form a straight line. If a straight road is aligned 
by means of flags (straight bamboos or poles with fiage 
attached to their upper ends) great care must be taken that the 
(Tags are placed exactly behind one another, because any error, 
however slight it may be, to begin with, will be carried on 
throughout thei rest of the line, and the deviation from the 
intended straight line will increase with the length of the road. 
§ 45. To mark out a straight line with flags— 
(i) Put in two flags No. i and No. 2 in the exact line that 
should be taken. 

(2) See that flags No. I and No. 2 are perpendicular by 

means of a plumb-line, or stone tied to the end of a 
piece of string. 

(3) Send a man ahead with the 3rd flag. 

(4) Stand two paces behind the ist flag, shut one eve and 

place yourself so that flags No .1 and No. 2 coincide, 
<>., flag No .2 becomes invisible on account of flag 
No. I. 

(5) Guide the 3rd flag man into position so that the bottom 

of the flag staff coincides with Nos. i and 2 and 
becomes thereby invisible. 
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(6) Fix fkg No. 3 in that place, and make it perpendicular 

by means of a plumb-line* 

(7) Proceed with flag No. 4 in a similar manner, placing 

yourself behind flag No. 2, and so on for any number 

of flags. 

When the alignment of the road has been finally chosen 

these flags will be replaced by pegs, marking the centre line of 

the road as well as of all bridges, culverts, embankments, and 

cuttings. 

§ 46* Alignment of Roads and Paths in the Hills.— 

Ordinary forest roads must be cheaply constructed, and are to 
be carried round spurs and tbe heads of valleys and depressions, 
thus avoiding the necessity for constructing stone revetment 
walls, embankments or cuttings. It is always better, and also 
more economical, to cut into a hill-side (unless it is made of 
hard solid rock) than to make the road or path partly on em- 
bankment, if the latter requires a revetment wall to support it. 

OhHgatory points (see page 32, § 36,) are first fixed and 
trial lines laid out to discover the best line between these 
points. These trial lines are cleared of vegetation for a width 
of 2 or 3 feet, and stakes put down to indicate the actual line 
marked out. 

Before laying out any of the trial lines the difference in ele- 
vation between the two points to be j<Mned by the road or path 
(see page 44, § 49,) should be ascertained as accurately as 
possible, and also the distance in a straight line from one point 
to the other, so as to get some idea of the average gradient 
which the road or path should be given. An example will make 
this statement clearer. Suppose a bridle-path for mules is 
required between A and B, and tbe difference in elevation is 
found to be 200 feet, and the distance from A to B in a straight 
line is one mile (5|28o feet)« Then if the road be made perfectly 
straight from A to B the average gradient of the road will be 
200 in 5,280j or a little less than 4 in 100; and this will be the 
gradient which we shall begin to lay out the first trial line 
with. 

Vol. II. G 
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It will nearly always be necessary to lay out .several trial 
lines before a suitable one is found, especially if the country 
through which the road is taken is difficult Steep gradients 
should where practicable be confined to the lower portions 
of long ascents. 

The advantages of the different trial lines laid out should be 
carefully considered before any one is finally chosen. 

If the forest officer who is laying out the trace for the road 
or bridle-path has had practical experience in laying out and 
constructing mountain roads, it will be safe to give him the 
ruling gradient fixed upon for the finished road to lay out his 
trace with ; but if such an instruction is given to an officer who 
has had no practical experience in laying out roads and paths> 
and he is left entirely to his own resources, the finished road 
will be sure to have steeper inclines than was intended, as the 
inexperienced officer will be sure to run his ruling gradient 
too fine in many places when laying out the trace.^ 

The following rules will be found useful for the guidance of 
forest officers when laying out the trace of a road or path : — * 
(i) At re-entering angles where a drain, culvert, or bridge 
will be made the line should be laid out quite level, 

(2) At sharp angled salients the chord of the curve should 

be taken through, level. 

(3) At less prominent salients the chord of the curve should 

be taken through with a slight inclination. 

(4) At easy salients the curve should be carried round at 

a fairly steep gradient. 

As a general rule, the alignment of a road or path in the 
hills should be commenced at the highest point and carried 
down hill. No attempt should be made to fix the exact position 
of the road at the foot of the hills, or at the bottom of an inter- 
vening valley, although its position may be located in a general 
way, since the lower slopes of mountains are usually flatter than 
their summits^ and afford a greater choice of routes and levels^ 

» "A Treatise on Moun'ain Roads," by General H. St Cair Wilkins 
page 5. London, 1880. ' 

• Ibid., page 108. 
«/^'<i, pages 4,6. 
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If a forest officer has to make a road at a fixed ruling 
gradient (as is the case in the alignment of sledge-roads and 
slides), or at gradients generally approaching that ruling gra- 
dient, only one point on the road can be fixed, and that point 
should be the highest point on the road, sledge-road or slide. 

§ 47i Obstacles which must be overcome are often met in 
the laying out of trial lines. If small trees or branches come 
in the way, they should be cut ; where the line runs into a 
large tree it will usually be sufficiently accurate to mark out 
the line up to the tree and begin again from a point diametric- 
ally opposite on the other side of the tree at the same level 
as that to which the line has been taken. 

If rocky or precipitous ground through which it would be 
expensive to make a road be encountered, the centre line should 
be set out afresh for a distance varying with the height of the 
obstacle ; and by increasing or decreasing the steepness of the 
gradient the new centre line can be taken either above or 
below the obstacle. 

The most direct line that is practicable should be followed, 
and if any deviations from this line are necessary, the original 
line should be returned to as soon as the physical obstacles to 
be overcome will allow of this being done. 

If the precipitous ground is too extensive to be avoided, the 
best line through it should be selected and joined up to that 
portion of the line which has already been laid out Whether 
the gradient of the line should be increased or decreased in 
order to avoid any obstacle met with, depends upon the relation 
of the gradient at which the line is being laid out to the mean 
and ruling gradient for the road which is being constructed, 
and also upon the nature of the ground beyond the obstacle. 

It is often advisable to take the line through a rock at one 
point in order to avoid more serious difficulties further on. 
The trial lines should be marked out with flags placed at con- 
venient distances, varying with the nature of the ground passed 
over, and also at points where the direction of the line changes 
materially. When the line has been definitely selected, it is 
Vol II. G 2 
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marked out with small stout pegs driven in along it at short 
intervals. Two pegs should be placed at each point, a short one 
wtiose top shows the actual level of the road surface, and the 
other 5 or 6 feet high to ensure that the position of the short 
peg may be readily found. If the path or road is not to be 
constructed immediately, it is a good plan to dig a small trench 
from peg to peg, running round obstacles, not over them, in 
order to prevent the exact line from being lost. 

§ 48- The final selection of the line requires the exercise 
of great care and judgment, and the trial lines should be gone 
over very carefully in both directions before the actual alignment 
of the road is definitely chosen. If it is necessary to make 
some portion of a road steep, the lower portion should be made 
steep and the upper portion given a gentle gradient. 

The operation of aligning a road is a very cheap one, as 
beyond the cost of the ordinary establishment it only involves 
the pay of the few coolies who are employed in clearing the 
line. Consequently it is advisable to spend a good deal of time 
searching for a good line over a difficult piece of country, rather 
than to accept the first line which appears fairly suitable, as 
unless the best possible line is chosen at the outset the cost of 
making the road may be considerably increased* 

§ 49, The use of an Aneroid Barometer in fixing 
THE Obligatory Points and as an aid to the Alignment 

OF A Hill Road. — An aneroid barometer is an instrument for 
ascertaining the pressure on a surface due to the atmosphere, 
and can be used to obtain the comparative altitude of places. 
This instrument is very useful in determining which of two 
alternative physical obligatory points should be selected, and in 
ascertaining the comparative elevations of places which are fairly 
close together, and when the distance between these points is 
known, in determining approximately the mean gradient of the 
road joining them. 

It may also be used to determine the comparative elevations of 
passes in mountain chains or of depressions in ridges which 
have to be crossed, as well as the difference in altitude between 
two alternative river crossings. 
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To avoid serious errors two instrumeDts should be used. 
One should be kept at the starting-point of the day's work 
and read at fixed intervals during the day, and the other should 
be taken to the places the comparative heights of which are 
required, and should be read at those places^ noting the time 
of reading, and also at the same fixed intervals of time as the 
stationary barometer is read. The two barometers are com- 
pared at the beginning and end of the day's work, and the 
difference in readings if any, noted and allowed for when deduc- 
ing the comparative heights. 

It is a good plan to traverse each day's work in both direc* 
tions, as by so doing you get two readings at each place, the 
one checking the other. The stationary barometer shows any 
differences in the readings due to variations in local atmospheric 
pressure only. These readings may conveniently be plotted on 
a diagram, and a line through the plotted points will give the 
curve of variations of atmospheric pressure. 

The use of two aneroid barometers as described above is of 
material help in fixing the physical obligatory points of a road, 
as well as in determining generally its alignment. 

Aneroid readings should be taken in settled weather only 
when the barometer is fairly steady, and is not liable to sudden 
atmospheric disturbances. 

Other obligatory point6| such as towns, etc., are fixed arbi- 
trarily. 

SECTION IV.-INSTRUMENTS USED FOR LAYING 

OUT ROADS. 

§ 50. The theodolite and level are used for finally laying 
ottt important roads and railways where absolute accuracy is 
nticessary ; but for ordinary roads and forest paths generally 
where the same degree of accuracy is not required, some more 
expeditious method must be employed. Forest roads or paths 
may be aligned with— 

(i) The staff and rope. 

(2) Abney's Level. 

(3) Manson's Road-tracer. 
(4} A clinometen 
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In the plains^ where the country is level, a road may be laid 
out in a perfectly straight line by ranging flags, but where the 
ground is uneven one of the instruments enumerated above 
should be used to align the road or path at suitable gradients. 

Abney's Level, Manson's Road-tracer, or a clinometer are 
well suited for laying out hill roads at any given gradient be- 
tween obligatory points. They are simple instruments, easily 
understood, and, if carefully used, are not liable to get out of 
order. An experienced person can lay out 2 or 3 miles of trial 
lines in a day through a forest if the undergrowth is not suffi- 
ciently thick to interrupt the line of sight. 

In laying out in the plains a road perfectly straight between 
two points 2 or 3 miles apart, and not visible one from the other, 
if the direction of the line be known, it can be set out by rang- 
ing flags. To find out this direction the position of the two 
points to be joined is marked on the map, take of! the bearing 
of the line joining them with a protractor, apply to it the varia* 
tion of the magnetic needle, set up a prismatic compass, or plane 
table furnished with a circular card-board protractor, on the 
ground at one of the points to be joined, and lay out the* corrected 
bearing. 

The direction of the line will then be fixed, and we can pro- 
long it to any required distance by ranging flags (see page 40, 

§ 45)- 

Another simple way of ranging a straight line between 
two points is to light a fire at one of the points and to range 
the road from the other end in the direction of the smoke. 
{A. £• Home,) 

The method of joining the straight portions of a road by 
suitable curves is described later on (see page 73, § 66). 

§ 51. The Staff and Rope.— This method of aligning a 
road or path is admittedly not nearly so accurate as the others 
which are described, and should only be used when none of the 
recognized instruments for determining gradients are available. 
Paths aligned with this instmment are infinitely better than 
those which are aligned by the eye only, or which are not 
aligned at all. 
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Description of the Instrument. — ^This instrument consists 
of a T-shaped wooden staff usually about 5 feet long, shod with 
an iron spike so that it can be easily forced into the ground ; 
when set up, the height of the top of the staff above the ground 
should be exactly 5 feet, or at the height of the observer's eye. 
A spirit level is fixed to the top of the staff, so that when 
the staff is vertical the bubble of the level is in the centre of its 
run, or a plummet may be used. A measured length of cord 
marked at every 5 feet, or to convenient lengths, is also required. 
The total length of the cord required will be given by the ratio 
of the flattest gradient to be set out. 

The instrument may be used for laying out roads either 
going up or going down hill. The gradient laid out by this in- 
strument depends upon the ratio which exists between the height 
of the staff above the ground and the length of rope used. 

Method of use. — When the line is being traced uphill 
the staff is pressed into the ground and the bubble of the spirit 
level brought to the centre of its run, the rope is fastened to the 
top of the staff, and is stretched accurately horizontal, with its 
free end resting on the hill-side, a peg is put in at this place, the 
staff is removed to the peg, and the same operation continued. 

If the height of the point on the staff to which the cord is 
fastened above the ground is 5 feet and the length of rope used 
50 feet, the gradient of the line traced will be i in 10. 

By altering the relation of the length of the rope to the 
height of the staff above the ground surface any required 
gradient may be obtained. Figures 10 and 11 illustrate the 
method of using this instrument. 
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Fig. 10. 




Fig. II. 




Figure to is a section and Figure it a plan to illustrate the method 
of laying out a road uphill at a gradient of i in 10 by means of the staff and 
rope. The horizontal distances between A B and B C are sofeet^ the vertical 
height between A and E andE and C are both sfeet. Pegs are placed at the 
points A, B and C after their position has been determined. D E is the 
surface of the ground, F, G are the staves, Hflthe pieces of rope stretched 
hori§ontally. 

The smaller the gradient required the longer the piece of 
cord necessary ; for example, suppose we wish to lay out a line 
suitable for a bridle-path, t\e», one with a gradient varying 
between i in 7} and i in 10. 

If the staff is 5 feet high, in order to get the gradient of 
I in 7i we shall require a piece of eord 5x7^=37 J feet long, 
but to obtain a gradient of i in 10 we shall want 5X 10=50 
feet of cord ; so that if we take a piece of string 50 feet long 
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with a knot tied at a distance of 37^ feet from one end, we can 
lay out the road within the required gradients. 

The staff is set up vertically, and the direction of the cord 
altered until the knot touches the ground (the. rope being 
horizontal) if a gradient of i in 7} is required, of* until the end 
of the rope touches it if a gradient of i in 10 is wanted. 

If the rope touches the ground anywhere between the knot 
and the end of the rope, the gradient of the line laid out will 
be between i in 7^ and i in 10. 

If the line is being traced downhill a second rod (see 
Fig. 12) twice the height of the staff will be necessary. 

Fig. 12. 
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Figure 12 shows the method of laying out a road downhill with a 
staff and rope, A B is the surface of the road,[C the staffs D the second 
staff, and E the rope stretched horisontally. 

§ 52. Abney's Level. Description of the instrument. — 
Abney's Level (see Figs. 13 and 14) consists of a square tube 
(A) about 5 inches long and of \ inch side; one end of the 
tube is closed with the exception of a pin-hole (B) pierced at 
the centre of the end of a smaller tube, circular in section, which 

* 

fits into the main tube (A) of the instrument and serves as an 
eye-piece. This inner tube can be pulled out to focus objects 
at different distances. The other end of the tube (C) is sprung 
so as to receive an accurately fitting short square tube (D, Fig. 
14). A flange (E) is* fixed to the upper half of the outer end of 
this tube, by means of which it can be removed from the main 
tube when necessary. 

H 
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The upper half of the inner end of the short tube is closed 
by a mirror (F)^ fixed at an angle of 45^ with the longitudinal 
axis of the tube. 

The lower horizontal edge of this mirror is exactly in the 
optical axis or line of sight of the instrument. 

An opening (G) \ an inch long and \ of an inch wide is cut 
in the upper surface of the main tube (A) of the instrument 
above the lower edge of the inclined mirror. Immediately above 
this opening is fixed a small spirit level (H), movable about its 
centre in a vertical plane. The centre of the bubble tube, in 
whatever position it may be in, is always vertically above the 
lower edge of the mirror and the optical axis. 



Fig. 13. 



Fig. 14. 




Figures 13 and 14 are sketches io illustrate the construction of Abney*s 
level. The letters in the sketches are those referred to in the descrip' 
tion of the instrument, N a portion of the metal bracket which carries 
the level tube, and P the air bubble in the level tube, are not specially men* 
tioned in the description of the instrument. 

Figure 14 shows the construction of the short tube which is sprung g 
allow of its fitting accurately into the main square tube of the level* 
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This spirit level is fixed to a metal bracket N. A fixed 
semi-circular vertical graduated arc (I) is fastened to one side 
of the main tube of the instrument. The arc is graduated from 
mid-length in each direction to read degrees directly, and differ- 
ences of 10 minutes by means of a vernier arm. 

The bracket (N) which carries the spirit level (H), and the 
index (G) are fastened to a horizontal axis, which works in the 
upper part of the graduated arc (I) as a collar. This axis ends 
in the mill-headed wJieel (L), and when this wheel is turned 
round the vernier arm (J), the bracket (N) and the spirit level 
(H) attached to it are rotated through the same angle. The 
vernier arm (J) is fixed at right angles to the plane of the 
level. The centre point of the vernier arm (K) is marked with 
an arrow, and serves as an index by means of which the angles 
on the vertical graduated arc are read. The zero point of the 
vernier coincides with this arrow, and the vernier is graduated 
on both sides of the zero point. A magnifying glass (M) is 
sometimes attached to the scale in order to enable the gradua* 
tions on it to be read more accurately. 

It is an advantage to attach a clamping screw to the bar 
carrying the bubble tube, so that the bar can be rigidly attached 
to the quadrant when the angle has been set. 

When the index on the vernier arm coincides with the zero 
point on the vertical scale, the plane of the level tube is 
parallel to the optical axis of the instrument, while if the optical 
axis be inclined to the horizontal^ and the level tube be moved 
till the bubble is brought to the exact centre of its run, the 
index will show on the graduated arc the angle of the inclined 
position of the level to the optical axis. 

If the spirit level be turned through any angle, $,e., if the 
longitudinal axis of the spirit level be inclined at any angle to 
the optical axis of the instrument, the index will pass through the 
same angle, and its magnitude will be shown by it on the scale 
engraved on the vertical arc. 

The scale on the vertical arc is graduated from its centre in 
both directions^ and by turning the ind6x either to the right or 

H 2 
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left of the zero point through any angle (according as an angle 
above or below the horizontal plane is required)^ the plane of the 
spirit level (H) is inclined at the same angle to the optical axis 
of the instrument. In order to bring the bubble back to the 
centre of its run, i.e,y bring the level tube (H) back into a hori- 
zontal plane, the main tube of the level (A) must be tilted 
through the same angle as is shown by the index on the verti- 
cal scale. 

When the bubble of the spirit level (H) is at the centre of its 
run, the mirror (F) reflects half of the bubble of the spirit level 
(H), the centre of which is vertically above the lower edge of 
the mirror, along the optical axis of the instrument^ and it is 
thus visible to the eye of an observer placed at the eye-piece of 
the instrument. As the mirror occupies exactly the upper half 
of the tube, its lower horizontal edge serves the same purpose 
as the horizontal wire of the diaphragm of the Dumpy Level. 

Besides the level a cross staff with a sliding vane (see Fig. 
15) is required. The vane usually consists of a piece of wood 
4'^ X 3^ X \'\ painted white, with a horizontal black line marked 
across its centre. 

Fig. 15. 




Figure 75 shows l^e upper portion of a cross staff nith an adjustable vane 
used with Abney*s LeveU The staff is rectangular in section. An iron socket 
which isfasiened to the back of the board is made slightly larger than the 
staffs to allow of its being moved up and down it as required. The vane 
is fixed in any required position by m$ans of a small wooden w$dge placed 
in the socket. 
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A plummet attached to the staff enables it to be placed in a 
vertical position. The centre of the black line may be marked 
with a dot. The Abney's Level should be placed on the top of 
a rod| and the black line of the vane should be adjusted y as to 
be the same height above the ground as the eye-piece of the 
level is. If the level is not placed on a rod, the black line on 
the vane must be fastened so as to be the same height above 
the ground as the eye of the person who is using the instru- 
ment. 

§53. Use of the Instrument.— The instrument should 
be first tested in order to see if it is in adjustment or not (see 
page 55, § 54), and if out of adjustment corrected as explained 
in that paragraph. A horizontal or inclined line can be laid out 
with Abney's Level. To set out a horizontal line the index 
is set to the zero point of the scale, and the cross staff, adjusted 
to suit the height of the observer, is sent on in front to any con- 
venient distance less than 100 feet. The distance should not 
be too great, as the eye-piece of the- level has no magnifying 
power. 

The observer, holding the level in his hands on the top of a 
* rod, then looks through the eye-piece of the instrument and tilts 
it until the image of half the bubble is seen in the mirror just 
above its lower 6dge. When the observer sees the reflection 
of half the bubble at the eye-piece, he knows that the spirit level 
tube is truly horizontal ; then if at the same time the black line 
of the vane of the cross staff coincides with the lower edge of 
the mirrori the point where the sight vane is held is on the same 
horizontal plane as the point where the observer stands. If the 
index is set to 0°, the line traced by the level is a horizontal 
one, because the plane of the spirit level (H) is parallel to 
the axis of the instrument when its bubble is in the centre 
of its run. 

If the black line on the vane of the cross staff (when the 
reflection of half the bubble is seen as described above) is above 
the lower edge of the mirror, the vane of the cross staff is too 
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high, and the cross staff must be placed on lower ground ; if, on 
the other haad, the vane of the cross staB is below the black 
line, the cross staff must be placed on higher ground until 
the lower edge of the mirror may coincide with the black line 
on it at the same time reflection of half the bubble is seen at the 
eye-piece. Figure i6 shows the relative appearance, as seen 
by an observer, of the bubble and sight vane when the 
latter is correctly placed on the ground. The sight vane staff 
must be held vertical. 

Fig. 1 6. 



Figuri i6 akotu tht appearanei ef th§ bubble and -eane of the cross staff 
as MtM at fke tye-pieet of tht Abney's Livtl when iht vant of the cross staff 
is in the correct fostlton. Tht mirror (F, Fig. 14) rtfiects part of the glass 
tube ofihe spirit level A, half of the bubble B, its metal frame C, the open- 
ing G {in the upper surface of the tube of the instrununf) and the inner 
surface of the square tube ; this latter appears dark. The centre line of the 
vane ofihe cross staff eoineides •with ike Itneer edge of th* mirror, so that 
only one-half of iht vane of tht cross staff O is seen beltm tht mirror. 

A peg should be driven in where the observer stands and 
also where the cross staff is held. The observer then goes 
to the second peg, sends on the cross staff to any convenient 
distance and repeats the same operation; the surface of the 
ground at the pegs is in the same horizontal plane. 



INSTRUMENTS USED FOR LAYING OUT ROADS. 55 

If it is required to lay out a line uphill inclined at any 
angle (say 2® 52', the angle corresponding to a gradient of i in 
20) the index of the vernier should be set to 2^ 50' to the right 
of the zero point, as this is the nearest approximation we can 
obtain to the required angle. The sight vane, adjusted to the 
height of the observer's eye, or the top of the rod on which 
the level is placed, is then sent on to a convenient distance. 
The bubble and black line of the cross staS are then adjusted 
in exactly the same way as was described when a level line was 
being laid out. The line laid out will have the gradient indicated 
onT:he scale on the vertical arc (I), because since the plane of 
the spirit level has been turned through 2° 50' the instrument 
must be tilted through the same angle before the bubble is 
brought back to the centre of its run, and in that position only 
is its reflection visible to an observer at the eye-piece of the 
level. 

To lay out a line downhill, the index is moved to the 
required angle to the left of the zero point of the scale on the 
vertical arc (I). 

§ 54. Adjustment of Abney's Level. — In order to test 
whether the instrument is in adjustment or notj we should 
proceed asfollows. Set the index of the vernier arm (K, Fig. 13,) 
to any convenient angle on the graduated vertical arc 
(I, Fig, 13,) corresponding to any required slope, say, 5 degrees. 
Send a properly adjusted cross staff on ahead and fix a point by 
driving a peg into the ground, so that the cross staff when placed 
on the top of this peg^is correctly intersected by the level, placed 
on a rod resting on another peg. Change the positions of the 
cross staff and level. Tilt the plane of the spiric level by rota- 
ting the mill-headed screw (L, Fig. 13,) until the black line on 
the vane of the cross staff (Fig. 15, page sa,) is correctly inter- 
sected. If the instrument is in adjustment, the angle shown by 
the index of the vernier should also be 5 degrees. In one case 
the index will cut the scale on the vertical arc to the right| and 
in the other case to the left, of its zero point. 
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If the two readings do not coincidei the true inclination of 
the line laid out will be the mean of the two readings obtained. 
The instrument should be set to this mean angle and the plane 
of spirit level itself altered very slightly by raising or lowering 
the screws which will be found underneath it, and by which it 
is attached to the bracket (N, Fig. 13,) until the cross staff 
placed on one peg is cut by the level put at the other. 
When this adjustment has been made, the positions of the 
level and cross staff should be interchanged, and the plane of 
the spirit level altered by turning the mill-headed wheel until 
the cross staff is correctly intersected as described above, then 
the angle shown by the index of the vernier should be the same 
as that to which it was originally set. 

If a Dumpy Level is available, two pegs can be laid down at 
a fixed distance apart, and at a fixed and known vertical height 
one above another. The level should then be set to the angle 
corresponding to the slope between the two pegs laid down. 
The instrument should be placed on one peg and the cross staff 
placed on the other, and if the level is in adjustment, the line 
on the vane of the cross staff should be accurately cut by the 
level. The pegs put down by means of the Dumpy Level may 
be fixed at the same level ; and in this case the index of the 
vernier of the Abney's Level should be set at zero degrees. If 
the instrument is out of adjustment, the plane of the spirit 
level is brought into the correct position as described above by 
raising or lowering the tangent screws by which it is fastened to 
the metal bracket which supports it. 

§ 55. The following tables showing (i) the angles which 
correspond to given inclinations as well as their equivalent gra- 
dient in feet per mile, and (2) the inclinations and equivalent 
rise or fall in feet per mile which correspond to given angles, 
will be found useful. 

Abney*s Level rmy be used to measure the heights of trees and 
other objects as well as to lay out roads, and for this purpose is 



INSTRUMENTS USED FOR LAYING OUT ROADS. 



57 



more accurate and less liable to get out of order than instruments 
constructed on the principle of the loaded graduated disc. 

Table showing the Gradients calculated from natural sines 
corresponding to given angles and their equivalent in feet 
per mile* 



Angle expressed in degrees. 


Corresponding 

inclination 

in nearest integers. 


Eqaivalent gradimt ex- 
prasted in feet per mil. 
in tb« nearest integers. 


i 


y 


115 


46 


} 




76 


69 


1 




57 


93 


i| 




38 


139 


3 




39 


183 


a* 




33 


330 


3 




19 


37? 


4 


A 1 1 


■ 14 


377 


5 




II 


480 


6 




; 19 


556 


7 




: 8 


660 


8 




' 7 


754 


9 




6 


880' 


lO 




! II 


960 


II 




' 5 


1,056 


IS 

1 


5 ! 


! 34 


1,110 


13 


30 


: 89 


1,186 


«4 


t 


: 4 


».33» 
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Table showing the angles calculated Jtom their natural sines 
corresponding to given inclinations and their equivalent 
feet per mile. 



ladSnatiofli. 

• 


Corretpondin^ angle to nearest 
minnte. 


Bqaivalent gradient 
1 in (bet per ito9e* 


1 

Dagrees. 


Minutes. 

* • 


\ 


I : 3 


19 

• 


as 


1,760 


I : 4 


14 


39 


1,330 


I : 5 


11 


3« 


1,056 


I : 74 


7 


40 


704 


1 : 10 


5 


45 


538 


t : 13 


4 


47 


440 


t : 13 


4 


84 


406 


I : 15 


3 


49 


35a 


1 : ao 


2 


52 


364 


I : as 


3 


18 


3tl 


I : 30 




55 


176 


I : 35 




38 


i5« 


1 : 40 




26 


133 


1 : 45 




16 


ri7 


I : 50 




9 


rD6 


1 : too 





35 


. S3 


1 : 185 





38 


42 
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§ 56. In an older form of Abney's Level tbe followiDg 
arraagement of mirror was ased in the short tube D :— A mirror 
occupviag tbe right band vertical ha^oi Hie tube is fixed at an 
angle of 45° with the optical axis of tbe instmmeDl^ under the 
opening G, the bubble when in the centre of its mn being 
vertically above a horiiontal line marked across the middle 
of the mirror (in the optical axis of the instrumeat), and in 
consequence when the bobble is in the centre of its run the 
reflection of the whole bubble bisected by the horizontal line 
on the mirror, is seen at tbe eye-piece of the telescope tube. 
A horizontal wire is placed in the optical axis of the instru- 
ment, immediately behind the inclined mirror, and serves to 
cut the sight vane at the same time as the reflection of tbe 
bubble is bisected by the horizontal line in the mirror. 

Figure 17 shows the appearance of tbe bubble and vane 
to an observer when tbe cross staff b correctly placed on tbe 
ground. 

Fig. 17. 



P^^ur* If ahomtih»ponti«H of th» bubble mndensssiaffat tuMbythe 
abstntr in tht form of Abutf't Lrett in vhiak a mirror eccnpfing out 
etrtical ha\f of the tube ia wed. The vkolt of the bubble B is suh in the 
mirror A, bistet*d by the central horiaontal linieuton it; and ike vhoti 
eftke vontafihe eroee dafD ii seen, ita eiHtral lint coinciding leith the 
horiaontal vtireiiftht main tube of the inttrument. 

The method of using the instrument is the same as has been 
described above. In practice, the older form is easier to work 
with, and is consequently preferable. 

Vol IS 
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§ 57. Manson's Road.tracer.1— The construction of this 
instrument is based upon the principle that in similar triangles 
the sides about equal angles are proportional one to another. 

The instrument itself is a very simple one, and one that can 
be made locally by any carpenter. It consists of a well-seasoned 
solid straight bamboo or wooden staff about 5^ feet long (see Fig. 
18) shod with iron. This iron shoe is furnished with two arms 
(J, K), so that the bamboo is always pressed into the ground 
to the same depth. A short bar (A) of well-seasoned, straight 
grained, moderately hard wood, 12 to 18 inches long and i inch 
square, is fastened at right angles to the length of the bamboo 
or wooden staff by means of an adjustable screw bolt (B), such 
as is used to fasten the legs of a plane table to the head 
of the stand which carries the board; this bar is fixed at 
the height of the eye of the observer above the ground. A 
small brass plate (C), in which a pin hole has been pierced, 
is fastened by a screw to one end of the bar (A), and 
serves as an eye*piece. A brass frame (D) bearing a horizontal 
cross wire or hair is similarly fastened to the other end of the 
bar, the line of sight from pin "hole to cross wire is exactly at 
right angles to the axis of the bamboo staff. The pin hole 
and cross wire must be exactly at the same height above the 
accurately planed upper surface of the bar (A). A flat batten 
(E) is fixed to the bamboo, about 3 feet (one metre) below and 
parallel to the upper bar. This batten is best made of a piece 
of well-seasoned bamboo, and should be let into the staff, so that 
Its surface does not project beyond that of the staff itself. It 
should be fastened to the staff by two screws, so as to prevent 
the possibility of its being displaced. It should be placed at 
right angles to the length of the staff, i.e., parallel to the bar (A). 

> Designed by F. B. Manson, Esq., Deputy Conservator of Forests, Imperial 
Forest Service, Bengal List. '^ ' 
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Figs. i8« 



Fig. 19. 





Fia 19. 





FigufUiS and 19 are sMehes of Hanson* i RoatUf racer: The whole 
length of the staff has not been shovn, A is the upper bar; B the head 
of the ecrev bolt by which it is fastened to the staffs C is the eyepiece ; D 
the brass frame carrying the harigontal wire wUoh isfiaed to the other end 
of the barjE is the lower batten upon which the seaU is constructed : F is 
the naU from which the plumb line G is suspended: H is the plumb bob: I 
iff the iron ehoe; and J, K the arms which ensure its being inserted in the 
ground to a constant depth. 



A scale is constructed on the lower batten, and the divisions 
on it are marked off in both directions from its centre. The 
centre of the scale coincides with the centre of the bamboo staff, 
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and is vertically below the centre of the upper bar. The 
divisions of this scale are equal, and their length is a frac- 
tion of the distance of the graduated bar below the point of 
suspension of the plumb bob ; -^ of a yard or -^ of a metre 
are recommended. The divisions on the scale should be marked 
by dots, the 5th| loth and 15th divisions on either side of zero 
point being figured 5, 10 and 15 respectively. The centre of 
the scale should be marked o. 

Exactly one yard or one metre, as the case may be, verti* 
cally above the centre point of the scale a small nail (F, see Fig« 
19) is driven into the bamboo. A plumb line (G) hangs from 
this nail, the string of the plumb line being sufficiently long 
to cut the divisions on the scale. The plumb bob (H) may 
be made of an empty brass cartridge-case filled with lead, into 
which a small staple has been introduced while the lead is still 
liquid. The nail should project sufficiently from the bamboo 
to allow the plumb line to hang freely. 

When the bamboo or wooden staff is placed in the ground so 
that the plumb line cuts the zero point of the scale on the lower 
batten, the upper bar will be truly horizontal, and the line traced 
by the instrument will be a horizontal one. If the instrument be 
tilted until the plumb line cuts the first division of the scale either 
to the left or right of the zero point, the angle through which 
the bamboo staff, and consequently the upper horizontal bar, has 
been turned is that whose tangent is 1^, and the gradient of the 
line of sight from the pin hole to cross wire i in 100, either up 
or down, according as the plumb line lies to the right or left of 
the zero point of the scale. If the instrument be tilted until 
the plumb line cuts the second division of the scale, the gra- 
dient of the line traced with it will be 2 in 100, and so on. 

§ 58. Method of use.~To lay out a road with this instru- 
ment a cross staff similar to that used with Abney's Level (see! 
Fig. 15, page 52) is required, the sight vane being adjusted to the 
vertical height of the pin hole of the eye-piece above the 
ground, which is not materially altered, so long as the bamboo 
staff is tilted through a small angle only. 
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The staff is set up witii tbe opper bar m fk6 dir^ttoa in 
whicb the Koe is to be latid out The instrvment is then tilted 
mitil tbe phsmb Hne cutis the required division on the scale, 
and the cross staS, held vertieal^at aiay convenient (iistance from 
the instrumenti is moved up of down tbe sh>pe uintil the line on 
the vane oS the cross staff ie cut bj the cross wire (D^ Fig. ig) 
attached to the upper bar# A peg should then be driveD in flush 
Ivith the ground where tbe cross staff is heU^ mtid a stake put in 
close by it to prevent its position being test* The road-tracer 
«s then removed! and set vep at the peg just put down, and the 
same eperaition repented. The gradient of the line maj be 
altered when necelsatfy by tilting the instntmest so that the 
^umbKne cut» another dfivisiofi oq the state. Figure 20 sbbws 
how the working of this* road<^triacer depends* upon the principle 
that in similar triangles the sides about the equal angles are 
propofftionial to one aaofher* 

Fig. 20. 




Figure 20 is a diagram to explain the principle upon which Manson*s 
Road'fracer depends. A is the road^faesr tilted^ so thai the plumb line cuts 
one of the divisions on the scale. B is the cross staff. The triangles, abe 
and a' b' d we similarf the angles at b and V being right angles, so that c b 
I b a v. V tf xV a^t or ih$ line traced has an inclination expressed by the 
ratio of c bib Of which can be made anything we like. 
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§ 59. Adjustmbnt of Manson's Road-tracbr.— ^Before 
laying out a road with this instrument we should satisfy our- 
selves that it is in adjustment. See first that the upper 
bar (A, Fig. i8) and the scale bar (E, same figure) are at right 
angles to the staff and parallel to each other. 

Then set up the instrumenti place the plumb line on the 
nail, and move the staff slightly, until the plumb line cuts the 
zero point of the scale; then take an ordinary spirit level 
10 or 12 inches long and place it on the top of the upper bar, 
so that the centre of the level is above the middle point of 
the bar; if the instrument is in adjustment the bubble will 
remain at the centre of its run, if not, the position of the upper 
bar can be slightly altered by means of the screw by which it 
is clamped to the bamboo until the bubble of the spirit level is 
brought to the centre of its run. 

If the instrument is properly adjusted when first made, it 
seldom requires adjustment afterwards; the lower bar 'is per- 
manently fixed, and with careful use the i^pper bar need not 
become displaced. 

§ 60. CLINOMBTERS.—Clinometers are instruments for 
measuring the angle which inclined planes make with a hori- 
sontal plane. They may also be used for laying out roads and 
paths at a given slope. 

For forest hill roads and paths a very simple clinometer, 
such as that shown in Fig. 2i| will be sufficiently accurate for 
most purposes. 

This clinometer consists of a wooden board c d Ik fastened 
to a rod by the lower end of which should be shod with iron 
similarly to Manson^s Road-tracer (see Fig. 19, page 6i). 

The board is fastened to the rod so that the upper edge € d 
is at right angles to the length of the rod. 
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Fig, 21. 




Figure 2i shows a simple form of clinometer suitable for tracing kill 
roads, h is part of the rod to which the clinometer is securely fastened : cdlk 
is a rectangular hoard; efga graduated semicircle. The graduations in 
degrees commence at f and proceed in both directions, h w is a weighted 
silken thread, w being the weight and h the nail (placed at the centre of the 
semicircle) from which the weighted thread is suspended* 

A semicircle efg graduated to read degrees and half degrees 
is pasted on to the board, with the diameter of the semicirclei 
eg.^ parallel to the npper edge of the board c d* The graduated 
semicircle may be engraved on the board itself. The semicircle 
is graduated from its centre point/ in both directions as shown 
in the figure. The larger the radius of the semicircle, the more 
accurate will the instrument be. The radius should not be less 
than 3 incheS} and should, if possible, be more. 

A silk thread to which a weight w is attached is suspended 
from a small nail h driven into the board at the centre of the 
circle, on the circumference of which the graduations are marked. 
A cross staff like that described in §52, page 52, Is also 
required. 

§ 61. Method op USB.— Place the rod h firmly in the 
ground. Adjust the cross staff so that the black line on its vane 
is at the same height above the ground as the top edge of the 
board c d isi Move the rod h slightly if necessary until the 

weighted silk thread cuts the sero point on the graduated scale 
Vol. IL & 
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efg. Then the top edge of the board c d will be horizontal, and 
the line traced by this 6dge will also be horizontal. The line of 
the road or path is traced with the upper edge c d oi the board. 

If the staff be slightly tilted until the weighted silken thread 
cuts the division of the graduated semicircle marked 5 degrees 
to the right-hand side of the zero point, the upper edge of the 
board c d will now be inclined at an angle of 5 degrees above 
the horizon, and the line traced by it will have an up gradient c! 
5 degrees. If the staff be tilted so that the weighted silk 
thread cuts a division of the scale to the left of the zero 
point, the path traced by the upper edge of the board c d will 
have the down gradient indicated by the thread where it cuts 
the graduated semicircle. 

Care must be taken to see that the st^ff is ufMright, and that 
the silken thread moves quite freely and is not resting against 
the board. If it rests against the board it will naturally not 
show correctly the angle of inclination of the top of the board 
c dio the horizontal plane as it should do. 

§ 62. The Madras Tracing Quadrant is another form of 
clinometer which has been specially adapted for laying out roads. 
This instrument (Fig. 22, page 67) consists of a long gun-metal 
or brass bar (A) fitted with sights at either end (B and C), and 
is fastened at the centre to an arm ending in a ball and socket 
joint (D) furnished with a clamping screw; the socket forms 
part of the cap to the staff, to which the quadrant proper is 
attached. A pivotted arm (E)^ to which a small spirit level (G) 
is attached, ends in a vernier index reading to minutes, and 
works on a vertical graduated quadrant arc (F). This quadrant 
is fixed to the under-surface of the bar, and the arc is turned 
inwards. The pivot pin is fixed one inch below the under side of 
the main bar, and the graduations are continued for a short dis- 
tance above the zero point of the arc to allow of lines being 
traced down-hill as well as up. When the level tube on the index 
arm is parallel to the line of sight from B to C, and the bubble 
is in the centre of its run, the line of sight is horizontal, and the 
index of the vernier points to the zero point of the scale. 
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Fig. 22. 





Figure 22 is a sketch of the Madras Tracing Quadrant The long bar 
A is provided with sights B, C at either end, D is a ball and socket joint 
furnished vnfh a clamping screw, which allows of the instrument beinfr 
turned in any direction ; E is an arm ending in a vernier which serves as 
an index to read the scale on the quadrant F ; G is a small spirit level 
fastened toE; F is the gr^uated quadrant which is fastened to the lower 
side if the long bar A. 

The tracing quadrant is fixed to a light staff shod with iron 
and about 5 feet long. The bottom of the shoe is flat, so that 
it may rest on the surface of the ground ; its base should be i 
to li inches in diameter. An adjustable cross staff^ similar 
to that used for the Abney's Level (see page 52), is required 
with this instrument also. 

■ 

§63- Use of the Instrument.— When the staff is held 
vertically on the ground surface and the vernier index arm 
has been set to the zero point of the scale, the bubble of the 
level must be brought to the centre of its run by adjustment of 
the ball and socket joint ; then the long bar (A) of the instrument 
will be horizontal. If the index arm be set to 2^ $2' ( i in 120), 
the plane of the level tube, and consequently that of the long 
bar^ will have to be turned through the same angle in order 
to bring the bubble to the centre of its run, and the inclination 
of the line traced by the instrument will be that shown by the 
index on the vernier arm. The method of fixing points on the 
line is similar to that already described in connection with 

Vol. II. K 2 
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the ase of Abney's Level and Manson's Road-tracer, so need 
not be repeated here. 

SECTION v.— SETTING OUT OF ROADS. AND 
PATJIS ; CURVES ON ROADS AND PATHS. 

§ 64. Setting out a Road or Path.— The line of pegs 
which has been laid down during the process of the alignnxent 
of a road or path forms usually, as has been already stated 
(page 44i § 47)1 the central line of the road or path which is to 
be constructed. It may be found necessary when actually 
constructing the road to slightly alter the line laid down^ but 
under no circumstance should the line fixed in the alignment be 
materially departed from. Nor will it be necessary to do so if 
the alignment of the road or path has been properly made. 

Before the actual construction of the road or path can be 
commenced, we must determine its width and general character 
and| if considered necessary, mark out on the ground the exact 
space which will be occupied by the road or path when com- 
pleted. This is usually done by putting down two lines of 
pegs, one on either side of the centre line, to mark out the sides 
of the road. 

For not very important or large hill roads, and for paths 
generally, it is usually sufficient to mark out the centre line 
carefully with stout pegs, in the manner described on page 44, 
h 47) pl^C6<l fairly close to each other. The actual distance 
between these pegs depends entirely upon the nature of the 
ground traversed by the road or path. Each peg must be 
visible from those immediately on either side of it. The pegs 
driven flush with the ground should indicate the level of the 
surface of the road or path when made. The undergrowth 
should then be cleared for a distance equal to three quarters of 
the width of the road, so that no mistake can possibly be made 
as to where the centre line of the road or path is. 

When the road or path is being made, the order is given to 
cut so many feet, the distance depending upon the width of the 
road or path into the hillside, and to leave the pegs and the 



SETTING OUT ROAD. 6g 

ground for one foot on either side of them untouched. It is 
most necessary that the pegs should be left intact in order to 
ensure that the centre line is not altered, and also to allow of 
the earthwork or rock being measured up accurately. The 
strips of earth containing the pegs can be removed and the 
road or path completed after the rest of the work has been 
measured up and paid for. It is usually best to measure up and 
pay for the earth only first, and then when this has been done 
to make arrangements for removing the rock and such large 
trees as are in the line of the road. 

In the case of an important cart-road, either in the hills or 
plains, after the centre line of the road has been fixed, the 
side^widths of the road should be also marked out on the ground. 

The side^width of a road is the horizontal distance from the 
centre line of the road to either edge if on the surface of flat 
ground, or to the top of the cutting or the bottom of the 
embankment if the road is in cutting or on embankment. 

In the case of a road across flat country the width of the 
road and of the side drains can be laid out directly by measure* 
ment, if the surface of the road is not to be raised. Where the 
road is straight, the side-widths may be laid out at considerable 
intervals and the intermediate widths fixed by ranging flags 
(see page 40, § 45) • 

If the road is on an embankment or in a cutting, we shall 
have to proceed differently. 

If the surface of the ground in a direction at right angles 
to the length of the road is horizontal, and the road is either 
in embankment or cutting, it is obvious that the distance from 
the centre line of the road of the top of the slope of cutting or 
the bottom of the embankment on either side of it will be the 
same. Figures 34 (page 102) and 36 (page 103) illustrate this 
statement G is the centre of the finished road, and G H and 
G K the side«widths are equal. 

If however the surface of the ground, in a direction at right 
angles to the length of the road, is not horizontal| the side- 



70 



RQALhMAKING. 



widths on either side of the centre line will be unequal, as will 
be seen by reference to Figure 23. 

Fig. 23. 




Figure 23 is a cross section of an embankment made on sloping ground 
to show that the side-widths G H and G K are unequal. The peg on fhe centre 
line of ike road fixed in the alignment is at €• The centre of the completed 
road is at G. The pegs to mark the side^width would come at A and B. 

The actual height of the surface of the completed road above 
or below the surface of the ground at any point on it depends 
upon the gradients which have been fixed for the road, as will 
be seen by reference to Figures 34 to 38, p^es loa to 104. 

In the case of an important road, a detailed survey and 
estimate must be prepared, in which the position of the 
centre line, the length, depth, and distribution of the cutting^ 
and embankments is determined in detail. All the information 
with regard to the depths of the cuttings and the heights of the 
embankments that will be required for setting out the side*widths 
will be found at § 85, page 98, €t seq. 

In marking out the side-widths of the road we have to provide 
for the width of the road and its side-drains, and also for the 
slopes of the cutting or embankment, as the case may be. The 
space required for the road is known, and that required for the 
slopes of the embankment or cutting will depend upon the 
height of the embankment, or the depth of the cutting, and also 
(see § 71, page 81) upon the nature of the soil in which the 
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road IS being made. The method of marking oat the side*widtbs 
of a road either in embankment or in cutting are the same. 
The simplest way of determining the side-widths of a road is to 
plot to a convenient scale the cross sections, at the different pegs 
which have been laid down on paper, lay off the slopes required 
for cutting or embankment on the paper, and scale the horizontal 
distance of the side -widths from the peg on the centre of the 
road, and then transfer these measurements to the ground. For 
example, suppose the road is 20 feet wide, including the side- 
drains, and that it is in cutting, the road surface being 10 
feet below the natural surface of the ground (which has a side- 
long slope), and that the slope to be given to the side of the 
cutting is 35® :— 

Let A (Fig. 24) be the peg on the centre line of the road. 
Plot accurately the transverse slope of the ground at this 
point. Draw a vertical line through A, and mark off on this 
line a length A B 10 feet in length. 

Fig. 24. 




Figure 24 shows the sidi-mdths of a roadf the formation level and 
the width of the road being given, and the centre line laid out. In 
the figure CD represents the formation bed of the road^ GH tho original 
enrface of the ground t etc^ CE, DF the sides of the cutting, and E, P the 
points on the stde-mdths of the road j pegs are put in at E, A, and F. 

At B draw a line perpendicular to A B, and lay off distances 
BC, BD^ 10 feet on either side of B. Then CD will represent 
the position and width of the road surface and drains. Prom 
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C and D draw lines making an angle of 35^ with the line C D 
produced, and the points E and F where these lines cut the sur- 
face of the ground will be points on the side-widths of the 
road| and the sloping distances A F and A E marked on the 
ground fix the position of side-widths at the point A, 

Where an embankment has to be made| its profile may be 
erected at intervals by planting upright sticks or bamboos in 
the ground at convenient intervals marking the sides of the road ; 
the exact shape and size of the embankment is shown by cords 
fastened on at the required heights to show the exact position of 
the surface of the road and the sloping sides of the embankment. 

The profile of an embankment will be that of an inverted 
cutting (see Fig. 24, page 71), 

When the pegs to mark the centre line and side-widths of a 
road which is in cutting or embankment are placed in position^ 
the depth of the cutting or height of the embankment at each of 
the pegs on the central line should be plainly marked. If this 
is done^ the workmen will know at once at what depth below 
or height above the peg on the centre line the actual surface 
of the finished road will be, and can set to work at once to do 
what is needful. In the case of cuttings in India it is custom- 
ary to leave the pegs on the centre line standing on pillars 
of earth so as to facilitate the measurement of the earthwork 
when the cutting has been dug to its full depth. 

§ 65. Curves in Roads.— While the road is being aligned 
no special . attention is paid to the construction of proper 
curves on it^ but when the road or path itself is being made, 
the necessary curves in it should be laid out carefully. Curves 
in hill roads and paths are usually laid out by the eye alone ; the 
curves should follow, as far as possible^ the natural features of 
the country in order to minimise the amount of cutting required 
to form the road or path. The curves are laid out on the centre 
line of the road, and are approximately segments of circles* 
When the path is carried along the side of a narrow ravine, 
and a sharp angle in the direction of the road, as well as a con- 
siderable increase in its length will resultj if the natural features 
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of the ground are followed too closelji a curve of not less than 
50 feet radius should be laid out, either cufting through the pro- 
jecting spur, or, if the road is following a valley^ a bridge, or 
embankment with a culvert waterway, should be made. 

Curves should rarely be laid out with the ruling gradient, for 
if this is done and the road subsequently straightened, the gra* 
dient of the new part may exceed the maximum which is allowed. 
The question of the gradient of the road or path along a curve 
must be decided locally as the road is being aligned. 

When an inspection path is being made, very little attention 
need be devoted to the curves on it ; the path should follow the 
natural features of the country as closely as possible. If 
practicable, the gradients of a road or path should be chosen, so 
that, if it is necessary to convert it at some future time into a 
road or path suitable for a higher class of traffic, good curves can 
be obtained. With this object in view the line where it crosses 
narrow streams or goes round sharp curves should be very nearly,, 
if not quite, level, so that when gentle curves are substituted 
for the sharp angles, and the length of the path decreased, the 
gradient will not exceed the maximum allowed for the class of 
road which is being made. 

§ 66. Curves of great exactitude are not required on 
ordinary forest roads or paths : they may generally be laid out 
either by eye or by simple measurements. For instance, suppose 
we have two long straight pieces of road which are to be con- 
nected by a short curved portion, a suitable curve may be 
obtained as follows :— 

Plot the relative positions and directions of the straight por- 
tions of the roads CA, DB, (Fig. 25) to any convenient scale on 
paper. 



Vol. U. 



74 



ROAD-MAKING. 



Fig. 25i 




Figure 15 shorn how a curve may be laid out on paper so as to join 
the ends of two straight portions of a road CA, DB. 

Join AB and draw a suitable curve joining the two straight 
lines on paper : the straight portions of the road should be as 
nearly as possible tangents to the curve at A and B. Mark 
off a number of equidistant points on the curve, and from 
them drop perpendiculars on to the line AB and scale oif these 
distances. Transfer the points thus obtained on the chord 
AB to the ground, setting out AB accurately straight and 
marking the points on it and th^n set off the lengths of the re- 
spective perpendiculars to the curve at these points, the points 
thus obtained on the curve can be joined by eye. 

It is sometimes necessary to construct a curve in order to 
avoid locally a bad piece of ground without materially chang- 
ing the general direction of the road ; this may be done by set- 
ting out a^ double reverse curve as shown in Fig, 26. This 
curve consists really of 3 arcs of the same circle joined 
together. • 

Fig. a6. 




Figure 26 shows a method of constructing a double S curve to avoid 
a small difficulty without materially altering the direction of the road' 
The curve is made up of arcs of circles AD, DBE» EC, described from 
H; F, and G as centres, LA, CK is the general direction of the road* In 
the figure the radii of the circles have been made too short, and consequently 
the resulting curves are too sharp. 
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The distance across the bad ground is divided into two equal 
parts, and opposite this point at right angles to AC a point B 
is marked for the position of the road clear of the bad ground. 
Join BA and BC, and find the centre points D and E of each line. 
From A and C at each end of the intended gap erect perpendi- 
culars AH and CG. Bisect AD and EC each by a straight 
line at right angles ; let these straight lines cut the perpendicu- 
lars from A and C at H and G respectively, then H and G are 
the centres of the arcs, drawn tangential to LA and KC, and 
passing through the mid points D and E. Join HD and GE, 
produce them to intersect at F, which is the centre of the 
arc, from D to E passing through B. If the curves thus formed 
have too small a radius, the points A and C must be moved 
further from each other, till the distance apart permits the use 
of the minimum radius. 

Curves in roads should be made as gentle as possible. 
If possible without going to great expense, no curve on a cart- 
road should have less than a radius of 60 feet to the centre line 
of the roadway.* Where the direction of the road is reversed 
the radius of the curve at the turn should be as long as the 
nature of the ground, with due regard to depth of cutting and 
height of retaining wall, will permit. The minimum curves 
should have radii of 50 to 80 feet to the centre of the road, 
according to the number of degrees in the angle, at the centre of 
the circle subtended by the curve itself.* 

If the curve of a road or zig-zag is very sharp* the road should 
be made considerably wider at the corner so as to allow of laden 
carts, especially those used for the carriage of logs projecting 
some distance beyond the end of the cart, to pass round theip 
without knocking against the hillside. 

1 ** Treatife on Mountaia Roads," by General .H« St. Qair Wilkia^.pp. 110^ lao 
Vol. II. h 2 
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SECTION VI.— THE CONSTRUCTION OF ROADS. 

§ 67. The estimate for the construction of the road having 
been made and sanctioned| the actual line which the road or 
path is to follow should be selected,'the side-widths marked out 
if that is necessary, and the actual construction of the road 
may then be commenced. 

The construction of the road includes making cuttings or 
embankments in order to obtain the requisite gradients for the 
road ; constructing bridges and culverts to carry off the drain- 
age of the country (see Part IV, page 109, et seg.) ; giving the 
correct shape to the surface of the road (see page 7, ei seg.) ; 
building revetment walls for retaining the earth on steep slopes 
(see page 18, etseg.) ; making suitable provision for the drainage 
of the road surface (see page 11, ei seg.) ; and, if necessaryi 
metalling the whole or a portion of the surface of the road (see 
page 21 f et seg.). 

These works may be done by daily labour or at contract 
rates. The construction of roads entirely by daily labour is 
objectionable, because, unless the workmen are properly super- 
vised, they do as little as they can ; on the other hand, in many 
places it is difficult to get men really qualified to come forward 
and take up the work on contract. It is best, if practicable, to 
do the rough work, such as making cuttings and embankments 
and blasting, by contract, and to finish the road by daily labour, 
as the workmen employed on daily labour can then be thoroughly 
controlled, supervised, and trained to do the work properly. If 
the whole of the work is done on contract, it will probably be 
badly done, because the workmen employed do not know bow 
to do the work properly, and the contractors will not or are not 
able to show them how to do it. 

In India roads should be made as soon after the rains as prac- 
ticable, while the earth b still soft and easy to dig; and the 
earth will settle and harden considerably before the next rainy 
season sets in. 

§ 68. As a rule, for the construction of inspection and 
bridle-paths in the hills and of fair-weather roads in the plains, 
no detailed estimates are required. It will usually be sufficient 
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to lay out the centre line of the path or road and get the work 
done by daily labour or by contract at a fixed rate per mile or 
per 100 feet. The rate paid will vary from place to place along 
the path according to the difficulties met with. 

For important cart-roads, involving the excavation of deep 
cuttings andthe formation of high embankments and the con- 
struction of culverts, bridges, and revetment walls, careful esti* 
mates (see page 98, et seq.) should be prepared before the work 
is commenced. The same remark applies to the construction of 
8ledge*roads and of important bridle-paths. 

The work may be done on contract at fixed rates per unit 
volume of earth and rock removed. The alignment pegs should 
be left undisturbed on the site of a cutting, where they will 
stand on truncated cones of earth about i i feet across On the 
original surface of the ground in order to allow of the volume 
of the earth and rock removed being correctly measured after 
excavation. 

§ 69. Earthwork includes the excavation of earth and 
loosfe, friable rock, such as can be removed with a pick-axe, 
and the deposition of earth to form embankments. 

Before the earthwork is commenced, the area of bank 
cutting should be cleared of all vegetation, and any trees 
should be dug up by the roots (not cut off flush with the ground 
and the roots left in the ground) ; and all old stumps should 
be removed. It is much easier to dig up a tree by the roots 
than to fell it first and dig out the roots afterwards. 

§ 70. The principal tools required for road-making are 
Indian hoes {pkaorwas or tnamoaiis), spades, shovels, picks, 
heavy hammers, crowbars, wheel-barrows, baskets; and for 
blasting, jumpers and a tamping rod. 

Where the soil is loose, the same tool which detaches the soil 
may be used to raise it and put it into the vehicle in which it 
is removed. A spade, shovel^ or large-bladed hoe {pAaorwa) 
may be used for this purpose. 

Where the soil is stiff and firm, it must be broken up before 
it can be removed by any of the above-named tools, and a ftci 
is used for this purpose. 
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The spade and shovel are European tools. The spade usually 
has a rectangular blade and a short handle, and is very well 
suited for digging in soft earth which is free from stones. If 
spades are used, the workman's foot must be protected by a 
boot or piece of leather. A shovel may or may not have a heart- 
shaped blade. The sides of the h\^Ae^ if rectangular, are slightly 
bent up, to allow of its holding more earth. The shovel is 
much used for throwing loosened earth into baskets, wheel- 
barrows, trucks, carts, or elsewhere. 

A pick is made of iron of the shape shown in Fig. 27, 
steel points being welded on to either arm ; the arms should be 
equally balanced. 

The pick should measure about 18 to so inches from point 
to point for rock work, and should weigh about 8 lbs. For hard 
earth picks may measure 2 feet from point to point and weigh 
1 2 lbs, ; if they are made too heavy, they fatigue the workmen. 

The socket into which the handle fits should taper slightly and 
be 1 1 to 2 inches in diameter, and should be sufficiently deep to 
admit of the latter being fitted securely into the tool ; the distance 
from D to E should be 3} or 4 inches. Picks require to be 
sharpened and repaired frequently. 
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Figure 27 is a sketch of a pick. The socket DE into which the handle 
fits should be from j| to 4 inches deep. 

Small shallow baskets usually carried on the head are most 
universally used for carrying earth in India. Wheel-barrows 
may be used for removmg earth when the distance over wlhich 
it has to be carried is short, when the ground is inaccessible to 
carts or when the quantity of earth to be removed is smalK 
Shallow wheel-barrows/ (about 6 inches deep) with their sides 
splayed open to make an angle of 45^ with the bottom, so that 
their contents may be discharged easily, are best suited for the 
removal of earth. 

The frame of the barrow is constructed by morticing three 
cross bars into the two side rails forming the handles and com- 
ing close together at the other ends where the wheel is carried 
between them. The box of the wheel-barrow may be made 
separately, and may be fixed by screw bolts and nuts to the 
frame. One frame will last as long as several boxes. The axle 

^'Tbe Roorkee Treatise cm Civil Engineering in India/' 3rd edition, i878; 
VoL I, page a4S, { Si5« ^ ^9' 
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of the wheel is inserted in iron eyes fixed by screw bolts to 
the side rails of the frame. In the Ganges Canal Works the 
wheel-barrows were used with shoulder straps attached to the 
handles. The wheel-barrows should run on planks 3 inches thick 
and 9 to 1 1 inches wide placed so as to form a continuous track ; 
these boards may be propped up by wooden blocks to obtain 
a suitable gradient. 

The gradient of the wheeling track should be as level as 
possibleiand should never exceed i in 12. 

It has been found that two or three men according to the 
nature of the soil, with picks and shovels are required to dig, in 
order to keep one wheel-barrow employed ; one shovel takes as 
long to fill in one cubic foot of earth as a wheeler will take to go 
and return 100 or i2oyardS| i foot of rise being equivalent to 6 feet 
on the level; a native workman will lift 125 cubic feet of earth 
and place it in a wheel-barrow or basket in one day.^ 

For ordinary w^orks where earth has only to be taken short 
distances, baskets carried on men or donkeys will generally be 
found most economicali as they are the ordinary carrying im- 
plements of the native workman, and can be obtained ever3rwhere 
at a very small cost, whereas wheel-barrows are expensive to 
make, require repairs from time to timoi and the natives have to 
be taught how to use them. 

The cost of the earthwork varies in different localities and 
depends upon the cost of labour, the nature of the soil, the dis* 
tance which the earth has to be carried, as well as the depth of 
the cutting or height of the embankment. The cost of earth- 
work on the upper part of the Ganges Canal was R2 to R2«8 
per 1,000 cubic feet, while in the Cawnpore district it was Ri-8 
per 1,000 cubic feet only. In Assam the rates paid for earth- 
work vary from R4 per 1,000 cubic feet and upwards. The 
only implements used for carrying and digging are the basket 
and the Indian hoe. In Madras, as a rule, R3-8 per 1,000 cubic 
feet is paid for sand, R4-12 for clay and hard earth, and R6 for 
very hard soil for digging, and 5 to 10 per cent, is added to these 
rates, according to locality, for every furloilg of carriage. 

1 '' The Roorkee Treatise on Civil Engineering," 3rd edition^ Vol. I, 
P^e 344* 
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§ 71. Cuttings and Embankments.— The slopes given 

to the cuttings and embankments should stand unsupported! 
and vary with the stability of the soil ; this depends partly 
upon the friction^ and partly upon the adhesion of the compo- 
nent grains. 

The slope at which' any soil will rest is called the natural 
slope for the soil in questjoUi and the actual angle which this 
slope makes with the. horizon, is called the angle of repose for 
that soil The natural slope is usually expressed by the ratio 
of its horizontal breadth to its vertical height. 

The following table ^ gives the angles of repose and natural 
slopes of some of the more common soils ; the gentler of the two 
slopes given in each class of soil is the slope which should be 
given to the slopes of embankments; the steeper applies to 
the slopes of cuttings. In case of doubt the angle of repose 
for any soil can be found by direct experiment :— - 



Nature 6f soil. 



Dry sandy clay and mixed 
earth • • • • 

Damp clay • • 

Wet clay • . • 

Shingle and gravel • • 



Anglo of repose 
in degrees. 




Natural Slopb. 



Horixontal 
distance. 



1*33 
to 

263 

I 

323 
to 

4 
0*9 

to 
I '43 



Vertical 
distance. 



I 
I 

I 
t 



The most common slope given to earth is i|: i, and if the 
depth of the cutting or height of the embankment be greater than 
35 feet, a : I. Certain clays though hard when first exposed are 
liable to disintegrate on exposure and become less stable, when 

> •« The Roorkee Treatise on CivU Engineering," 3rd edition, 1877, Vol. I, 
page 33a, §191. 

Vol. II. "• 
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flat slopes of 2^ to i up to 4^ to i may have to be adopted. 
Id Assam embankments are generally given a slope of 2 : i and 
cuttings a slope of i : i. 

The slopes of the sides of cuttings may be made much ste^er 
than those of embankments in the same soil. If the soil is stiff 
they can be made fairly steep, so long as they are not cut away 
by the dash of the rain on them. The steeper the slopes of the 
cuttings the less will be the excavation required to make a road 
of a given width* If however the slopes of the cuttings are made 
too steep, slips of earth from them blocking the road partly or 
entirely will be of frequent occurrence. 

§ 72. Formation of Side Slopes of Cuttings.— The 

excavation of cuttings and the formation of embankments may 
be commenced as soon as the side-widths have been set out on 
the ground. The workmen should be instructed what slopes 
are to be given to them, and may be provided with bevel 
plumlhrules to lay out the actual slopes required. A bevel plumb* 
' rule or battering rule consists of three strips of wood, 2 inches 
wide and i inch thick, as shown in Fig. 281 nailed together 
to form a right angle at B, the ratio of BC to CA being that of 
the -slope required ; the side AC will represent the slope of the 

Fig. 28. 




Figure 28 is an elevation of a bevel plumb*ruU for laying out the 
slopes of a cutting. The angle at B is a right angle: a plummet P is 
fastened to the side BC ; a line parallel to the outer edge q^BC is marked 
down the centre of the batten^ and when the string coincides with this line 
the side BC is verticaU The ratio between BC and CA is made thai of the 
slope of the cutting. 
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cutting when the side BC is held vertically ; a plumb h*ne is 
attached to the side BC for this purpose ; the side AC should 
be at least 3 feet long. 

, The workmen begin digging a hole near the side-width and 
makethe slope of the cutting gentler than that ultimately required. 
The point C of the bevel plumb-rule is introduced into this 
hole with side AC along the slope of the cutting ; if the plummet 
coincide with the line on the rule, the slope is correct, if flot 
more earth is dug away until the right slope is made^ and this 
is continued on to the bottom of the cutting. A cutting of 
considerable depth is generally dug out in steps or stages of 7 
or 8 feet in height, and each stage has its barrow roads, cart- 
roads, or tramways. To preserve a sound formation surface, or 
road bed, the last 12 to 24 inches depth of earth is not dug out 
until the whole of the rest has been excavated^ then the remain- 
der is carefully dug away, leaving an undamaged formation sur- 
face correctly profiled. 

§ 73. Determination of the Actual Gradient of any 

Portion op a Road.— In excavating cuttings, the road must be 
given its correct gradient between the centre line pegs, and steps 
must be taken to ensure that the full depth of earth is removed. 
If we insist on the original pegs of the centre line of the road 
being left on pillars of earth, we can at once see if the cutting 
has been excavated to its full depth or not. 

There are many ways of testing whether the gradient of the 
road in the cutting is correct or not. 

An Abne/s Level may be set to the gradient which the road 
should have, and the cross staff, properly adjusted, placed at any 
point on the centre line of the road ; then if we read on to the 
cross staff the horizontal hair of the instrument must either 
exactly cut the black line on the vane of the cross staff (see Fig. 

I5i P^^^ 5^)> ^^ ^'^^ ^^^ ^^^ ^^^ either above or below it If the 
horizontal hair of the Abne/s Level cut the sight vane of the 
cross staff below the black line on it, the distance between this 
point and the black line on the sight vane will give the 
depth to be dug out to obtain the required gradient. 

Vol. II. M 2 



84 



ROAD-MAKING. 



Or a hole may be dug out where the cross staff isheldi and a 
peg be driven down in the bottom of the hole until the black 
line on the sight vane standing on the peg is correctly in the 
line of sight of the level ; the top of the peg then shows the depth 
of excavation. 

If the hair of the level, when the level is set to the required 
gradient, cuts the cross stall above the black line on the vane,, 
it shows that the cutting has been dug too deep by the distance 
between the point where the cross staff is cut and the black 
line on its vane. 

The gradient may be also fixed by the instrument shown 
in Fig. 29, which consists of a straight edge AB, to the middle 
point of which is fixed an upright CD at right angles to it. 
This upright is furnished with a plumb line F similar to that 
attached to the bevel pluml>rul^. Near the end B is a vertical 
bevelled sliding bar fitted in an under cut groove, and fixed at 
any height by a thumb screw. 

Fig. 29. 




/'-','//''// 
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Figure ag is an eltvation of a Mason*s Level or trussed straight edge, 
skoioiHg tts use in setting out the gradient of a cart-road at intermediate 
points betvfeen centre line pegs. Scale ^« 

When, the upright CD is vertical {t\f., when the plumb 
line coincides with the line marked on the upright, sec volume I, 
page 174, parallel to its sides, and consequently perpendicular to 
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A6] the batten AB is horizontaL The sliding bar E C£^n be made 
to project any required distance below the lower surface of the 
batten« If the peg be made^o project i inch and the distance 
from A to E is 5 feet (60 inches)^ then if the instrument is held 
so that AB is horizontal then the slope of the line joining the 
bottom of the peg to A will be measured by the ratio of the 
length of sliding bar projecting, in this case i inch, to the dis- 
tance AE, that is, 60 inches, or the line from A to the bottom 
of the sliding bar E will have a gradient of i in 60. By alter- 
ing the length of sliding bar projecting from the under surface 
of the batten AB we can make the gradient of the line from A 
to the bottom of the sliding bar anything we like. 

The gradient of a road between any two pegs fixed in the 
alignment may be set out by means of toning staves. Boning 
staves are rods of equal length, with cross bars accurately fixed 
on at one end (see Fig. 31). Three staves, 4 to 5 feet long, 
with squared lower ends, two. of them fitted with stout iron 
spikes, are required. The two spiked staves are planted upright 
at two adjacent centre line pegs, and the third stave is placed 
upright on the ground surface, or on an intermediate peg driven 
in till the line of sight from the top of one fixed boning stave 
to the other exactly coincides with the upper surface of the cross 
bar on the movable staye. 
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Fig. 30. 



Fip. 31. 




Figufi 31 is a boning stave, whiU Fig> 30 shows how boning staves 
are used to lay out a road between twofixedpegs, a, a, a are the boning 
staves; If, b the pegs laid down in the alignment of the road: c is one of the 
intermediatepegsfixedby the staves: d^e^f show the original surface of 
the ground: the dotted lined g indicates the completed formation surface 
of the road, 

§ 74* In excavating cuttings time may be saved by digging 
and removing the earth in the ordinary way until a depth of 6 
or 7 feet is attained ; the sides are kept at the proper slope and 
the face or front is kept nearly perpendicular. A portion or all 
of the face is then undermined about i feet above the bottom of 
the cutting, and the unsupported mass of earth falls down of its 
own weight, or is dislodged by large wedges driven into the 
ground at a distance of 3 or 4 feet back from the edge of the 
face ; water may be poured down the wedge holes if necessary. 

§ 7S» Construction of Embankments.— The best mate- 
rials for the construction of embankments are stones, shingle, 
or gravel : fine dry non-adherent sand, wet clay, vegetable mould 
and mud are quite unfit for such work. 
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Earth is very commonly used, and forms good embankments 
after it has settled properly. If pure sand is used the side slopes 
must be protected against the denuding action of the rain by 
turf. 

Embankments may be formed in three ways :— 
(i) In one layer, 

(2) In two or more thick layers. 

(3) In a number of thin layers. 

The first of these methods is the quickest and cheapest, and 
is consequently the one most frequently used : the embankment 
is formed to its full height, and progresses by throwing earth 
down at the end of the completed portion. The earth is not 
artificially consolidated in any way, and consequently settles (x.^., 
shrinks or occupies smaller space) more than if deposited in 
layers and rammed ; it also takes a longer time to settle com- 
pletely. This is a very good method of forming an embank- 
ment if the earth is allowed to settle thoroughly before the 
roadway is finally constructed. 

In the second method the embankment is first raised to ^ or 
\ its full height, and this layer is allowed to settle before the 
remaining ones are added. This method is seldom used, as it 
involves much additional labour and time. The method of 
making the embankment of a number of thin layers ensures the 
greatest density and stability, but the work proceeds more slowly 
and is more expensive; the layers should be from 6 to 12 inches 
' in thickness, and should be concave in section. This method 
is only used in special cases where great solidity is required, 
such as in the construction of dams to retain water, or filling 
in behind retaining walls, etc. 

When an important embankment is made on ground with a 
sidelong slope, it is advisable to cut out the hillside in steps 
whose surface is at right angles to the slope of the side of the 
bank. The toe of the slope may also be supported by a dry 
stone well sunk 4 to 6 feet in the ground, in order to give it a 
firm footing. 
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Fig. 3a. 



Figurt 3» is iht uotion 9f an eMhanimtnt sheving hov itj bate tktmtd 
be tfepptd into iht ilofi en sidelong ground. 

All made earth is liable to settle, i.e., to contract in volume 
and occupy a smaller space than when first put down. The 
amount of shrinkage depends upon the nature of the soil, the 
height of the work, and manner of deposition. In calculating the 
quantity of earth required for embankments, an additional 
allowance to the actual volume of the required embankment of 
i for sandy soil and 1*7 for gravelly earth should be made. 
The slopes of cuttings and banks should be protected from 
the weather by turf or by the planting of dhu6 grass {Cynodon 
iactylon). Great care should be taken to prevent rain from 
sinking into new embankments, as its entrance will soften the 
lower layers of earth and cause unequal settlement. The top of 
a new embankment should be made slightly higher at the 
centre than at the side, in order to allow the rain falling on it 
to run olT. 

§76. When an embankment is made across marshy ground 
the wet soil must be thoroughly drained by a longitudinal drain 
on each side of the intended roadway, and cross drains con- 
necting the two at frequent intervals, according to require- 
ments. Where it is difficult to dig and keep open a ditch 
owing to soft soil, quicksand, or bc^, an effective drain may be 
made of brushwood gabions, which are hollow cylinders of 
brushwood interwoven between stout stakes (eight in number) 
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placed equidistant and in a circle* In making the gabions the 
stakes are planted upright in the ground, and the brushwood 
is woven inside and outside alternate stakes. These gabions 
are placed in line on the ground and are sunk by undermining. 
Effective drains may also be made of the slabs salwn off squared 
logs ; by alternating the position of the but joints on the slabs 
the slab-box drains can be made continuous of any length. 
When the wet soil is thoroughly drained the surface to carry the 
roadway should be strengthened by two or three layers, of fas* 
cinesi or tied up bundles of grass, brushwood, put down to serve 
as a mattress on which the embankment may be carried ; the 
fascines should cross joints in successive layers and be firmly 
packed together. Bark of trees, turf-sods, reeds, coarse grass 
may be placed on the fascine mattress to receive the earth of 
the roadway. 

§ 77. Height of EMBANKMENTS.-*In low-lying flat coun- 
try, in order to keep the road surface above the level of ordi« 
nary floods, the height of the roadway embankment must be at 
least 2 feet above the level of the highest ordinary flood ascer- 
tained by careful enquiry and from the observation of floods 
marks on trees and buildings in the neighbourhood. 

These embankments may intercept the surface drainage of 
the country, and ample provision of waterway must be made 
through the embankments by bridges and culverts. Where the 
rainfall is he^vy the maximum quantity of water which may 
have to pass through the embankment must be calculated and 
provided for. It is often difficult to do this owing to the acreage 
of the catchment area not being accurately known, and also to 
the occasional occurrence of unusually high floods. Some part 
of the embankment may be made lower than the rest in order to 
allow of the water brought down by floods passing over it ; if this 
is done^ the sides of the road on this portion should be specially 
protected against denudation. 

Where the rainfall is scanty and floods uncommon, the whole 
roadway may be level with the surface of the ground. The 
only inconvenience resulting from this procedure will be the 
temporary stoppage of traffic when heavy rain falls. 

Vol. II. " 
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§ 78. Balance of Cuttings and Embankments.— It is 

important that the amounts of cuttings and embankment should be 
made to balance each other as far as practicable, aSj if the former 
are too great, the extra quantity of e^rth will have to be disposed 
of in spoil banks, and if too small, earth will have to be dug from 
side cuttings, or borrow-piis^to make some of the embankments. 
As far as possible, earth from a Cutting is used to form an adja- 
cent embankment, but in this connection the distance earth has 
to be carried must be considered. It may be cheaper to get 
earth from side cuttings than to bring it from the nearest cutting. 
The volumes of the cutting and embankments can be equalized ^ 

to a great extent by raising or lowering the gradients of the 
road. 

If earth is excavated from along the sides of the road to form 
the embankments, it should be dug out in a series of broad 
shallow trenches (borrow'pits)^ separated by banks of untouched 
earth to prevent damage from ihe scouring action of running 
water during the rains. 

In India, where land and labour are cheap, it is usually more 
economical to make an embankment from side cuttings or boy 
row-pits close at hand than to bring the earth from a diMant 
cutting. 

If cuttings and embankments are paid for at the same rate, 
and one is close to the other, so that earth f^om one can be 
carried to the other, only one fthotdd be paid for. If they are 
paid for at unequal rates, the higher rates sfhould be paid. 

§ 79. ROCK BLASTtNC^When rock is too hard to be re« 
moved by a pick it must be blasted, Coa^r^e^graiiied gunpow* 
der is generally used for this purpose ; dyivsunit^ and blasting 
gelatine are also iised| but requltie Careful bandliog and are 
dangerous in the hands of inexperienetfd workmen. 

The best qnality of blasting powder that can be obtained 
should be used. The best proportion of nitn^k«'4he most valu- 
able ingredient — is 75 per cent Etperience has shown that 
it is false economy to use a cheap and necessarily Inferior 
powder for blasting purposes. The addition of tawdu^t to 
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blastings powder does not^ as is commonly sapposed^ increase 
ita efiiciency. 

The advantages of a superior powder are ^-<-» 
(i) Small quanHties go further, and consequently the stock 
required for consumption would be easier to stow away 
and carry. 

(2) A greater effect is produced with a smaller amount of 

labour, and what is sometimes of consequence of time 
in boring holes. 

(3) ^y occupying a smaller space in the bottom of the hole 

an increased resistance in the tamping would be obtained 
by its greater proportionate extent* 

(4) The better qualities of powders are much less subject 

to deterioration from keeping than ordinary blasting 
powders. 
§ 80. Blasting with Gunpowder.— Hard rock is removed 
by boring holes in it, placing charges of powder in the holes, 
filling them up with clay or such other material as may be 
available, and igniting the powder; the powder expands in 
changing from a solid to a gaseous state, and in expanding splits 
off pieces of the rock in which it is embedded. 
The implements used in blasting rock are— 
(i) A jumper or a drill bar. 

(2) A scraper or spoon. 

(3) A tamping bar. 

(4) A needle. 

The jumper is a bar of carbon steel of good tough quality 
and chisel pointed at both ends. The bar is circular in section 
usually li to 2| inches, the chisel edge being widened out 
about I to } of an inch, and 6 to 7 feet long. A drill bar is a 
shorter bar 3^ to 4 feet long, of the same quality of steel, and is 
pointed at one end only ; one man holds the bar while drilling, 
the second strikes the upper end with a sledge hammer ; a slight 
twist is given to the bar between the blows. 

^ '* Rudimentary Tireattse on the Blasting and Quarrying of Stone for Build- 
log and othfir purposes," by Genend Sic John Fos Qurrgoyv^ Inoodon : Jobs 
Vmle, 1849. 
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The spoon is an iron rod, one end of which is beaten out and 
curved so as to form a groove in the shape of a half hollow 
cylinder ; its lower end is closed with a semi-circular disc. 

The tamping bar is a heavy, slightly tapering, brass or copper 
rod ; the diameter at its larger end is a little less than that of 
the hole to be bored. Iffuses are not used to ignite the powder 
the tamping bar should have a groove along one side, so that 
the bar may be used when the needle is in the hole. Tamping 
rods are made of copper or of brass in preference to iron, as 
these metals do not give off sparks when struck upon hard 
substances. 

The priming needle is only necessary when a fuse cord is 
not used. It consists of a thin metal rod with a loop at one end 
which serves as a handle, the other end is pointed. The priming 
needle may be made of iron coated with brass ; copper should 
only be used when brass is not obtainable^ as it is too soft. The 
needle should be well greased before being put into the hole, to 
allow of its being easily withdrawn when required. 

A hole in the rock is bored with the jumper, which is usually 
worked by two men, one of whom sits down on the rock and 
holds the lower end of the bar, and guides it so as to strike fair 
into the hole, while tbe other stands upright, raises the jumper 
about a foot above the surface of the rock and drives it forcibly 
home. ' A little water is occasionally poured into the hole to 
convert the dust into mud and to keep the jumper cool. 

The jumper is twisted round slightly after each stroke. The 
dust or mud formed is removed from time to time with the spoon. 
When the hole has been bored to a sufficient depth it is cleaned 
out and dried, and the charge of powder placed in position. A 
piece of fuse cord is placed in the hole so as to communicate 
with the powder ; its upper end is cut off so as to leave a or 3 
inches above the mouth of the hole. Th^ hole is then gradually 
filled with tamping; that first put in is gently pressed over the 
wadding which should be placed above the powder, more tamp* 
ing is added and rammed home with the tamping bar, and this 
process is continued until the bole is completely 61M. All that 
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then remains to be done is to set fire to the fuse and retire 
quickly to a safe distance from the hole. 

If a fuse is not used, a priming needle is placed in the blast 
hole in communication with the powder until it is tamped ; the 
needle is then withdrawn and the hole filled with fine powder. 
The charge is fired by means of a slow match made of paper or 
linen soaked in a strong solution of nitre (potassium nitrate) or 
gunpowder, and arranged so as to give the person lighting it time 
to retreat before the powder explodes. 

The best tamping material is finely divided clay (burnt if 
practicable) ; the earth from white-ant {Termes sp.) hills makes 
good tamping ; if neither of these are available, broken brick, 
chips of stone, earth or wet sand can be used : dry sand is the 
worst tamping material) as it offers very little resistance to the 
explosive force of the powder. If broken brick is used it 
should be reduced to small pieces and dust, and is improved 
by being lightly moistened with water when it is being rammed 
home. Some kinds of rotten stone are nearly as good as clay or 
moistened broken brick, but as a rule chips of stone do not make 
good tamping, and should never be used as they are likely to 
strike fire (like flint does) when rammed home. 

A good blast should produce a smothered report, and a mass 
of rock should be lifted and thoroughly fractured without being 
forcibly projected and broken into small pieces. The useful 
effect of a blast depends a great deal upon the judicious selec- 
tion of the holes. 

§ 81. The line of least resistance to the explosive force 
of the powder is that line by which the powder will find the 
least opposition to its passage into the air ; it Is generally the 
shortest distance from the seat of the charge to die surface of 
the rock. In distinctly stratified rocks^ however, the line of least 
resistance will be in the direction of the layers of stratification. 
When a rock is stratified or jointed, holes bored parallel to the 
strata or joints wiH produce much greater effect than the usual 
vertical ones. The effect of the powder will be greatest when 
Che axis of the hole ia at right angles to the line of least resistanoe. 
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and least when it coin^id^a with that line. It is wrong to bore 
the holes across crake in the rock, as if this is done the powder 
will blow out of theai« The depth of the hole should not exceed 
one-half the line of least resistance. 

The ordinary rule for ascertaining the weight <A powder to 
be Used for blasting rock of ordinary tenacity is— 
The weight of powder in lbs.s= 

(line of least resistance in feet)' 

32 
The figure given by this formula should in every case be 
qualified by the results obtained, as different kinds of rock offer 
different resistances to the explosive force of the powder. 

In Assam the usual practice is to fill one-third of the hole 
with powder and the remaining two-thirds with good tamping 
material^ such as clay or small stones. 

The following table ^ which shows the depth of hole required 
for given charges of powder was compiled by Major-General 
Sir Charles Pasley, K.C.B. :— 



Diameter of the ' 
hole. 


Powder io 1 inch 
of hole. 


Powder in 1 foot 
of hole. 


Depth of hole 

required to cootaio 

lib of powder. 


Inches. 


lbs. oz. 


lbs. oz. 


Inches. 


I 


0*419 


5*028 


38*197 


1* 


0*942 


11*304 


16-976 


2 


1*676 


I 4*112 


9*549 


2\ 


2*618 


I I5'4»6 


6'II2 


3 


3770 


2 13*240 


4.344 



A fuse should always be used in preference to a train of 
powder. Bickford^s fuse is considered to be the best which can 
be obtained. It consists of a cylinder of gunpowder or other ez« 
plosive compound, enclosed within a hempen cord which is first 

> See " Roads and Railroads/' by W. M. GiUfspic^ page i63i 10th edkioo* A, Sir 
Barnes & Co.» New York and Chicago. 
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twisted and then overlaid with another cord to strengthen the 
casing thus formed, and then varnished to preserve the contents 
from injury by moisture, and finally covered with whitetiiiig or 
other suitable matter to prevent the varnish from adhering. 
This fuse is efficient in damp situations^ and a special quality 
is prepared expressly for use under water. Miss^fires scarcely 
ever occur if this fuse is used| and it is a very great protection 
against accidents. The ordinary fuse burns at the rate of 2 or 
3 feet per minute. 

If the holes are wet, the charge may be placed in a water- 
proof bag and the fuse tied closely in its mouth. The bag is 
then pushed home to the bottom of the hole, which is then tamped 
and fired in the usual way. 

The depth of hole which can be bored in one day depends 
upon the hardness of the rock. On the Bamsu sledge road in 
hard quartzite only 8 to I2 inches of hole, 3 inches in circum* 
ference, was bored by two men in one day, while on the upper 
portion of the sledge road in micaceous schist, as much as 72 
inches was bored by two men in a day. 

The blasting work on the Bamsu sledge road was paid for at 
a fixed rate per foot of hole bored, the rate varying with the 
difficulty of boring the holes, the powder and fuse being supplied 
departmentally. 

§ 82. Blasting with Dynamite.— Dynamite is com- 
posed of nitro-glycerine and an absorbent earth, and is very 
much mote effective than gunpowder for breaking iip large 
stones and roots of trees. It is generally stfpposed to be 
tnuch more dangerous than the former substance, but many 
experts state that, if carefully used, this is not the case. It 
freezes at 40^ F., and explodes spontaneously at a tetnpeira- 
ture of 350° F. ; in a frozen state it is extremely dabgerous, 
arid consequently it is ilot suitable fof use at high el^VatiOtfs 
in the Himalayas. It is Especially valuable for bla^tStfg under 
water, as holes of smaller bore are required, and only loose 
tamping, such as sand or water, is necessary. In ^oine £a$es 
dynamite may be simply laid oil the surface of thri stbt^e to be 
^ broken and covered with sand 6r clay, but in tb}» case a large 
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quantity of dypamite must be used. Dynamite is exploded by 
means of a detonating fuse. 

§ 83. The following infonttation regarding the storage and 
use of dynamite for blasting purposes was communicated by 
Mr. H. Slade, Deputy Conservator of Forests, Western Circle, 
Upper Burma. 

Dynamite is sold in boxes, each box containing 50 lbs. There 
are 10 packets in each box, and each packet contains 32 car* 
tridges, so that a cartridge contains 2 or 3 ounces of dynamite* 

Dynamite cartridges must always be exploded by means of 
detonators. The detonators must always be kept perfectly 
separate from the dynamite itseff. Dynamite should also be 
kept, as much as possible, away from contact with iron work, 
especially in stormy weather. 

It should not be exposed to the midday sun for long, as if 
heated above 157^ F., it is liable to explode by concussion ; nor 
must it be exposed to temperatures lower than 40^ F., because 
if cooled down below that temperature it also explodes very easify 
by concussion. 

The boxes of dynamite may be carried to th^ seat of opera* 
tions in carts by coolies or on elephants ; but in any case the 
boxes should be protected from the sun in the middle of the 
day. 

The boxes containing dynamite should be stored in a shed 
at a considerable distance from any dwelling-house, and in a 
locality which is not exposed to extreme&of temperature. The 
shed may be banked over with earth to keep its temperature 
more uniform. No iron or detonators should be kept in the 
shed in which the dynamite is stored. 

Method of using Dynamite.— The method of using dyna- 
mite for blasting rocks in connection with the preparation of 
str($ams for floating purposes is as follows. If a large irregular 
boulder of hard rock, 12 feet in diameter and 15 feet high, is to 
be removed, a hole about 2^! inches in diameter and 3 feet deep 
18, bored ia the centre of the rock. Four coolies will take 
three or four hours to make such a hole. AU irregular pro-' 
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jections are bored at the same time, the holes in the projecting 
pieces being made i^ inches in diameter and i foot deep. 
Twelve cartridges are placed in the central hole, tied up in 
bundles so as to fit the bore of the hole. The bundles are 
placed one above the other, and a detonator with a fuse 
attached, is fastened to the top bundle. The fuse is led out 
of the blast hole, about 6 inches of fuse projecting beyond 
the bole. The hole is then filled with earth, well moistened in 
order to make it bind, and small stones rammed tightly together. 
A large boulder or a heap of stones is usually placed over the 
bole, this has the same effect as deepening the hole itself. 

The small holes are similarly charged, the amount of dyna« 
mite placed in them being proportional to the amount of rock to 
be removed. 

All the projecting ends of the fuses are lit simultaneously, 
the smaller holes explode first and reduce the boulder to a more 
or less regular shape, while the main charge splits the whole of • 
the boulder into fragments. 

If the rock is soft the effect of the dynamite is very much 
less, and the boulder will have to be blasted two or three times 
before it is entirely removed. 

Small boulders may be broken up by exploding, a detonator, 
or a detonator and a small charge of dynamite, on its upper sur« 
face without boring any hole, but such a procedure is very 
wasteful. 

Rocks under water can be blasted by dynamite. If the 
rock is only a little below the surface of the water, the hole is 
bored with the ordinary tools, but the depth of the holes should 
be decreased and their number increased. The detonators 
are attached to the top bundle of dynamite cartridges and 
fastened to a length of wire which, connected with a galvanic 
battery, an electric spark causes the charge to explode, 

§ 84. Blasting Gelatine. — This is a compound of nitro- 
glycerine and gun-cotton (itself a powerful blasting agent), the 
latter being in a much smaller proportion than the former. The 

Vol. U. o 



m 



98 ROAD'MAKING. 

result is that blasting gelatine is 50 per cent, more powerful 
than dynamite. It can be kept in water without exuding. Like 
dynamite^ it is very dangerous in a frozen state. It is used 
exactly in the same way as dynamite. For both dynamite and 
blasting gelatine insensibility to shock is claimedy but it is 
nevertheless a fact that cartridges which have missed fire in 
bore-holes have afterwards exploded when new holes have been 
jumped near them. Consequently there is danger in firing 
several charges at once, because it is very easy to imagine all 
of them to have lexploded when it is not really the case. Both 
dynamite and blasting gelatine will act when merely placed upon 
a rock surface, but they do more work when placed in bore- 
holes. 

SECTION VII.-MENSURATION OF EARTHWORK ; 

ESTIMATES. 

§ 85. Mensuration of Earthwork.— A road practi- 

cally consists longitudinally of a horizontal or inclined plane^ or 
a series of such planes of a certain width, to which a slightly 
convex shape is given with a view to allowing the rain which 
falls on it to run off into the side drains as quickly as possible. 

In order to obtain this profile for the road surface it is 
necessary either — 

(i) To make a cutting in the ground ; 

(2) To make an embankment on the original ground 

surface ; or 

(3) To form the road partly by cutting and partly by em- 

bankment. 

After the direction of an important road has been determined, 
before any estimate of the probable cost of its construction can 
be made, it is necessary to calculate the volume of earth and 
stone which will have to be removed and deposited^ as well as 
the cost of the bridges, culverts, revetment walls^ drains and 
metalling. 

In the case of hill-paths it is rarely necessary to calculate 
very accurately the actual volume of earth and stone which has 
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Fig. 33. 




Figur, 33 is a Icgitudinal s,cii^ of a ro,d shoeing the original 



The/ormation level is chosen by trial. Several alternative 
fs are ploted on to the longitudnal sectibn, and the best of 
se ( t.e the one which allows of the most suitable gradients 
h the least amount of cutting and embankment, and equal- 
te, as far as possible, the amount of cutting and embankments) 
inally selected and plotted definitely on to the longitudinal 
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The height of the formation level above or belovi the reduced 
level (i,ey the level of the surface of the ground) at the first 
point is measured off with a pair of dividers, and the distance 
is then read off the vertical scale (3-5 feet in Fig. 33). All the 
other figures opposite to the headings depth of cutting or height 
of embankment are calculated mathematically, since the dis- 
tances between all the intermediate points are known, and also 
the rise or fall between them. The cross sections (examples 
of which are shown in Figs. 34 to 38) at the different points are 
determined as follows. The actual surface of the ground (AB, 
Figs- 33 to 37) is plotted at each of points in successioni 
The height of the formation level (CG , Figs. 34 to 38) above 
or below this point is then laid off. The width of the road 
DE measured off and the slopes of the cuttings or embank- 
ments (AD, EB, Figs. 33 to 37) are drawn at the natural 
angle of repose for the soil in which the Cutting or embank- 
ment is to be made. 

Figures 34 to 38 show all the possible forms of cross sec- 
tions that may occur ; the surface of the ground may slope, as 
regards the surface of the road, either longitudinally (Figs. 34 
to 38), or transversely, (Figs. 35, 37 and 38) or both longitudi- 
nally and transversely (Figs. 35, 37 and 38) at the same time. 

In order to determine the actual volume of earthwork in 
the cuttings and embankments we must take cross sections at 
every point on the longitudinal section at which the slope of 
the ground changes materially, and all these cross sections must 
be plotted in regular succession. The volume of each cutting 
and embankment must be taken out separately, and ii? deter- 
mined (see formulae on page 105) as soon as the areas of the 
consecutive cross sections and the distances between them 
(these are given in the longitudinal section) are known. 

The formation width and the [slope of the sides must be 
determined for each cutting and embankment according to the 
requirements of the road and the nature of the soil. The 
formation surface may be considered as a plane surface when 
calculating the volume of earthwork. 
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The following sketches show the different shapes of cut- 
tings and embankments :— 

Fig. 34. 




Figure 34 shows a cross section of a cuHing where ihe ground surface 
ts level or inclined in ihe direction of the length of the road only. 



Fig. 35; 




Figure 75 shows a cross section of a cutting where ihe ground surfaeo 
has a sidelong slope^ and may or may not have a elofein the direction of the 
road. 
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Fig. 36. 
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Figure 36 is a cross section' of an embankment matU on ground which 
is loveU or slopes only in the direction of the road only. 



Fig. 37. 




Figure 37 is a cross section of an embankment where the ground surface 
may of may not slope in the direetien of the road, but has a sidelong 
slope. 



104 



ROAD'MAKim. 



FlG. 38. 




Figure 38 is a cress section of a road formed on sidelong ground 
partly by cutting and partly by embankment. 

In the foregoing figurei C represents a point on the centre line as laid out 
on the original ground surface. AB is the original surface of the ground. 
DE is the formation surface. G is the point where it is cut by the vertical 
plane of the centre line. The relative height of the formation surface above 
or below the original surface of the ground is fixed by the formation level. 
CG is the height of the embankment, or depth of the cutting, at the centre 
line. A and B are points on the side-widths of the roadi BH and AK are 
perpendicular lines drawn from *A and B to meet the horizontal surface of 
the road produced in K and H respectively. The ratios of £H : H B 
and AK : RU are the natural slopes of the eartn in the cuttings or embank- 
ments. 



AB * DE 



CG. 



The area of the cutting ADEB in Fig. 34 is ^ 

The area of the cutting ADEB in Fig. 35 is (°" * ^^ ) HK 

AKxKD BH X EH BHxKE^-AKxDH 



The area of the embankment in Fig. 36 is 
The area of the embankment in Fig. 37 is 

BH. KE+AK.DH 




CG 



i' 



In Fig. 38 the area of the embankment ADQ is -^lifL?-. 
The area of the cutting QBE is -?Mjl2?, 

If r : I represents the gradient of the road, and s : i repre. 
sents the cotangent of the ^ngle of repose for the soil in cutting 
or embankment. 
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If GC= h and DGsGEsbasthe half breadth of the road. 
Then the area of the cutting in Fig. 34 and of the embank- 
ment in Fig. 36 becomes 

h(2b+sh). 

The area of the cutting in Fig. 35 and of the embankment 
in Fig, 37 is 

r* — S2\ s / s 

sb»-f-2r»hb-fr»sh^ 

r«— s» 

And the area of the cutting in Fig, 38 is 

(b + rh)« 

2(r— 8) 

And the area of the embankment in the same figure is 

(b— rh)« 

2lr— s) 

The volume of the earth between the cross sections is given 
by the formula 

V=— I i^>c;r. 

2 

Where V is the volume of the earthy S^ and S^ are the re- 
spective areas of the cross sections and x the horizontal dis* 
tance between thehu The cutting or bank is divided into con- 
venient lengths, each satisfying the condition that the [surface 
line and the formation level line are straight for that length. 
This formula, taking the arithmetical mean area of tne trapezoidal 
cross sections, gives resulta somewhat in excess of the true 
volume, except when the cross sections are equal. 

The original surface of the ground must slope uniformly 
between the two cross sections taken. 

The total volume of earthwork for any cutting or embank- 
ment is given by the following formula :-»" 

C=V^+Vi + V,+etc. 
where C is the total volume of the earth in the cutting of 
embankment as the case may be^ and Vq/Vi, V^, etc., are the 
Vol. II. P 
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volumes of earth between the consecutive cross sections whicb 
have been taken. 

The volume of earth in any cutting or embankment may be 
taken out graphically by plotting all the areas of the cutting or 
embankment taken at the different cross sections to scale, and 
taking out the area of these either by the planimeter, or else 
by reducing the figures graphically to triangles and then taking 
out their areas. 

§ 86» Estimate. — When the construction of a cart-road 
will involve the expenditure of a considerable sum of money, 
carefully prepared plans and estimates should be prepared' 
in order to find out the cost of its construction. The volume 
of earth and stone to be removed is estimated. The cost of the 
construcdon of such bridges and culverts as are necessary, as. 
well as the cost of metalling, should be shown separately* 
The provision for the drainage of the road is to be clearly 
specified. A report showing the necessity for and the nature 
of the proposed road, its general direction and the reasons which 
have influenced the choice of routes the nature of the country 
traversed, the obligatory points and the reasons which have deter- 
mined their selection, the proximity of suitable materials for 
metalling the road, as well as for the construction of necessary 
buildings, bridges, culverts ; the nature and quantity of the traffic 
which exists at present and its expected development, should- 
accompany the estimate proper. 

The chief items of expenditinre may be arrang.ed under the 
following heads :<— 

(i) Surveying expenses. 

(2) Alignment of road. 

(3) Earthwork at the rate of 1,000 cubic feet. 

(4) Metalling at the rate per 100 cubic feet or superficial' 

feet of a given thickness. 

(5) Construction of drains and culverts at so much per 

100 cubic feet of masonry or brickwork. 

(6) Blasting at so much per roo or i,ooo- cubic feet, or at 

the rate per foot of hole bored.. 
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f7) The cost of bridges ; the total cost of the bridges should 
be entered in the general estimate^ but the cost of each 
bridge must be calculated separately and submitted with 
all necessary drawings showing its construction. 

(S) Fencing and parapet and retaining walls. 

(9) Superintendence at so much per cent, on the total 
expenditure. 

The specification accompanying the estimate should show— • 

(^) Where the earthwork for the construction of the embank, 
ments is to be obtained, whether it is to be dug from 
side cuttings or not, as well as^the way in which the 
earth is to be removed from the cuttings and consoli- 
dated to form embankments. 

(£) Where the metalling is to be obtained from and* how 
it is to be laid down. 

(v) The nature of the masonry or ^rickwork of the culvert 
and small bridges, as well as that of the retaining and 
parapet walls. If railings are to be added^ the materials^ 
to be used and method of construction should be given. 
Separate specifications should be submitted for the more 
important bridges and culverts. 

The following. drawings should accompany the report—- 

(i) A general plan of the road on a scale- o£ 4 inches to* 
the mile, and another on a- scale of from 200 to 600 feet 
to inch. 

(2) A longitudinal section on a scale of 200 to 600 feet tO' 

the inch| the vertical scale of the section being from< 
10 to 40 feet to the inch; 

(3) Cross sections on a scale of 10* or 20 feet to the inch — 
(a) Of the ground where it is very irregular or where devia* 

tions are likely* 
{i) Of the finished roadway in cutting, embankment, and ow 

ground with a sidelong slope. 
{c) Of all streams to be bridged. 

(4) Detailed drawing of all important bridges and culvertai 



Part IV.-BRIDGES. 



SECTION I.— MATERIALS IN COMMON USE FOR THE 

CONSTRUCTION OF BRIDGES. 

§ 87. Modern bridges of large span, which are required to 
carry heavy traffic, are usually constructed of mild steel ; which is 
first wrought into plates^ bars and beams of various sections^ 
these being afterwards joined up together in a variety of ways 
by means of rivets, bolts and pins. The same material is often 
used in the construction of bridges of small span required to 
carry heavy traffic, and also occasionally in bridges made to carry 

light traffic. 

A forest officer in India will rarely be required to construct 
bridges of large span to carry heavy traffic ; and consequently 
the information given in this part will only refer to the con- 
struction of bridges of comparatively small span, (except in the 
case of hill suspension bridges required to carry light traffic) 
and bridges strong enough to carry a string of loaded carts or 
an elephant. 

In the plains of India, forest cart-roads used throughout the 
year are uncommon. The export of forest produce in carts 
usually takes place in the dry season of the year, when the 
beds of torrential streams are nearly, if not quite, dry ; and 
when carts can be taken across the beds of the streams them- 
selves, provided properly graded inclines are made connecting 
them with the existing fair weather roads. This being the 
case, an Indian forest officer will not often be required to 
construct a bridge even sufficiently strong to carry a loaded 
cart. Where, however, a cart-road is used throughout the 
year, bridges should be constructed across all river-beds which 
are liable to be in flood during the rainy season. Although the 

Vol. II. * 



i* 



I f o BRIDGES. 

total length of such a bridge may be considerable, it can 
nearly always be constructed of a number of arches, the indivi- 
dual spans of which need, as a rule, never exceed 40 feet. 

§ 88. By far the greater number of bridges which a forest 

officer will have to construct, will be in connection with hill 

export roads, sledge roads, tramways, rolling roads or timber 

slides. Such bridges will not be required to carry heavy 

traffic, nor will they, as a rule, have large spans. 

For bridging the gaps in forest roads and paths, timber is 
very largely used on account of ^ts accessibility and abundance. 
Some iron or steel in the form of nails, bolts and straps, is in 
all cases necessaryi to fasten the parts of the bridge together. 
When the s^ans are somewhat large and the traffic great, a 
combination of timber and mild steel, in which the steel is used 
for the tension members, and timber for those which are 
subjected to a bending and compressive stress, will often form 
the most satisfactory and economical bridge. 

§ 89. In brid^ng a wide space, where intermediate piers 
are not admissible, and where the traffic is light, a roadway 
made chiefly of timber, may be suspended from ropes composed 
of steel wire, and thus a light and strong, but not very rigidt 
bridge (known as a suspension bridge) can be formed at a 
comparatively small cost. 

§ 90. Where no atcel wire ropes are available and no inter- 
mediate piers are admissible, bridges may be constructed on 
the cantilever principle. G>unterweighted arms are built ont 
from either bank of the space to be crossed, until the dis- 
tance between the free ends of these arms is sufficiently 
reduced, to allow of a single beam being thrown across to 
connect the one with the other« 

§ 91. In carrying a roadway across a wide space, inter* 
mediate supports (piers) will be required. These piers divide 
the space into ahorter lengths, which can be bridged with less 
cost and difficulty. The ends of the bridge rest on abutmenta 

f 
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which may be constructed of wood, dry rubble stonework, or, 
where great strength is required^ of stones set in mortar. 

When a river is being crossed, the piers obstruct the water- 
way, and may in some cases become seriously objectionable, by 
arresting the progress of floating bodies, which may block up 
the space between the piers ; and by lessening, to some 
extent, the section of the channel available for the flow of 
water. The shock due to the sudden arrest of a heavy floating 
body such as a tree, or the combined weight of a number of 
arrested trees, may carry away the whole bridge. 

In many cases, piers are indispensable, and the above men- 
tioned considerations should be kept in view in their design, 
and in the choice of the materials of which they are composed. 
Masonry piers should only be placed on very reliable founda- 
tions, and unless the river is dry at the building time of the 
year, considerable trouble and cost may be incurred in construct- 
ing the foundations. 

Timber may be used in the construction of piers, either 
driven as piles firmly into the bed of the stream^ or used merely 
as props that can be easily removed in time of flood. 

Iron and steel beams may also be used, driven firmly into 
the bed of the stream. Iron tubes which are filled with concrete, 
after they are fixed in position, will often provide a very effi« 
cient pier. 

§ 92. In Assam, rails which have been discarded, because 
they are too much worn for the permanent-way of a railroad 
are often used as bridge piles. The lower part of the pile 
consists of a cast iron screw furnished with a socket into which 
one end of the rail fits. The pile is screwed into the river-bed 
by means of a capstan-head. In swampy ground, rail piers can 
be constructed as strong as masonry ones, at a smaller cost by 
adding a system of cross braces.— (Z7. P. Copeland.) 

§ 93. Ir. Bengal, temporary foot bridges are often con- 
structed entirely of bamboos. The piers consist of 4 bamboos 

firmly fixed into the river-bed. The outer pair are bent inwards 
Vol. II. 02 
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towards each other and tied together near their tops, while the 
second pair are placed inside the first^ crossed and tied to the 
outer pair about two-thirds of the way up. Three bamboos are 
placed in the notch formed by the second pair of bamboos^ and 
form the footway of the bridge. In some cases a hand rail is put 
on one or both sides,— (7^. B. Manson.) 

§ 94* When good foundations can be obtained on the 
banks of the space to be bridged, and stone is easily procur* 
able, arched bridges made of stone laid in lime mortar may 
sometimes be advantageously constructed. Provided the 
foundations are well laid and the superstructure carefully 
erected, such bridges will be very durable and should require 
little or no expenditure in their maintenance. Bricks may 
entirely take the place of stone, or may be used for the super- 
structure only. 

Where timber will soon be destroyed by fungi or white 
ants ; stone, iron or steel should be substituted for it if prac- 
ticable. 

§ 95, In determining the type of bridge to be adopted in any 
particular case, the choice of the officer responsible, will largely 
depend upon the designs he may have in his possession of 
bridges, which under corresponding circumstances, have been 
found satisfactory, and it is hoped that the following pages may 
prove of service to him in this connection. 

The other important determining factors are, the kind of 
material suitable for construction which is most easily procur- 
able ; and the kind of labour, both skilled and unskilled, locally 
obtainable. 

The question of durability and cost of.maintenance is import- 
ant, in a varying degree, according to the want of a temporary, 
or permanent, much used or little used construction ; and also 
on the probable effect cf floods. Sometimes the necessity for 
rapid construction will settle the design, but generally what 
should be aimed at is the most efficient combination of reli- 
ability and smallness of cost. 
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§ 96. In forest export works, strong bridges of small spans 
are often required temporarily, while logs or timber are being 
removed from remote parts of a forest. In such cases the 
cheapest and roughest construction, consistent with the required 
strength, should be erected. Such bridges will be usually 
made of wood; the main longitudinal beams may be formed 
of trees felled across the obstacle; the upper surfaces 
being roughly squared in order to support the roadway. 
Where the sides pi the obstacles to be crossed are un- 
stable the logs which constitute the longitudinal beams of 
the bridge should rest on wall-plates supported on rough dry 
rubble abutments, or on wooden posts driven firmly into the 
ground. 

SECTION IL— PRINCIPLES OF CONSTRUCTION. 

§ 97, The method of construction and form of bridges varies 
with (i) the span of the bridge (i>., the horizontal distance 
between any two of the adjacent supports upon which the longi- 
tudinal beams rest); (2) the nature of the obstacle to be 
crossed ; and (3) the character of the traffic^ as this aflEccts the 
amount of the weight which the bridge will have to carry. 

If the obstacle to be-crossed is wide, but is of such a nature 
that piers may be constructed at suitable intervals ; then the . 
bridge may consist of a series of small spans, and its construc- 
tion will be comparatively simple. Jf however no intermediate 
supports can be placed in the obstacle, then the bridge must be 
constructed in an entirely different, and more complicated man- 
ner. 

The character of the traffic affects the load which the bridge 

has to carry, and thus influences the method of construc- 
tion since the heavier the load to be carried the stronger must 

be the bridge. 

§ 98. Bridges may be classified, according to the method of 

construction; in the following manner :— 

(i) girder bridges, t\e. bridges consisting of one or more 
spans, each span being crossed by beams of either 
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wood| or iron or occasionally stone. The girders 
themselves may be simple^ arched, trussed or 
otherwise strengthened. 

(2) Suspension bridges. 

(3) Cantilever bridges. 

(4) Arched bridges constructed of masonry or bricks- 

work. 

§ 99. Bridges supported by beams. — The limit of the 
span which can be adopted for beams, or girders of wood or 
iron, unsupported between the piers or abutments, depends 
upon the size and strength of the available timber or iron and 
the nature of the traffic. (See figs. 63, page 149 ; 69, page 
154; 77>page »6i.) 

In the case of a cart-road, if the span is less than 
20 feet« the roadway of the bridge may be carried by plain 
unstrengthened beams thrown across the obstacle. Where the 
obstacle is more than 20 feet wide, and intermediate piers can 
be safely constructed, unstrengthened beams may be laid on 
piers placed at intervals of 20 feet or less, until the obstacle 
is completely bridged. 

In the case of a sledge road or a bridle-path, distances of 
30 feet can be spanned with safety by unstrengthened beams of 
Chir pine {Pinus longi/olia) 18 inches by 18 inches in section. 

When the span is more than 20 and less than 50 feet 
the longitudinal beams may be strengthened by additional in- 
clined supports fixed either above or below them. 

§ 100, Suspension bridges.— Suspension bridges may be 
thrown across obstacles more than 50 feet wide and not ad- 
mitting of any intermediate supports. 

In forest works suspension bridges are rarely required to 
carry wheeled traffic, and have only to be made sufficiently 
strong to carry laden men or animals. 

The roadway of the bridge is suspended from two longi- 
tudinal ropes, which pass over the tops of uprights placed on 
either side of the obstacle (see fig. 86, page x8i, and figs. 
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90 and 91, page 186). The free ends of the ropes are securely 
fixed to firm anchorages on either side of the obstacle. These 
ropes assume the form of a parabolic curve. The roadway is 
supported on longitudinal beams resting on cross pieces ; wliich 
are themselves fastened to the longitudinal ropes by smaller 
ropes called suspenders or suspensors. The suspenders are 
fastened to the main longitudinal ropes at equal horizontal dis- 
tances. 

It is most important^ that the main longitudinal ropes should 
be securely fastened, at either anchorage of the bridge, so as 
to prevent their being drawn out by the weight of the bridge, 
and the traffic which passes over it ; in such a manner that 
the contraction and expansion of the material of which the 
ropes are made, owing to changes in temperature, is not 
interfered with in any way. 

The longitudinal ropes and the suspenders should be efficiently 
protected from corrosion or decay, more particularly those 
portioBS of them which are buried in the ground, or are not 
visible and cannot easily and frequently be inspected. 

§ 101- Cantilever bridges.— A cantilever bridge, like a 
suspension bridge, is independent of the nature of the obstacle 
to be crossed. (See fig. 104, page 218.) It consists essentially 
of two systems of counterpoised beams built out from either 
side of the obstacle to be spanned. Each system is composed of 
beams, placed one on the top of the other, so that the end 
of each beam projects beyond the end of the beam on which 
it rests, until the width to be spanned is not greater than can be 
crossed by a single beam. The ends of the beams which rest 
on the abutment are weighted in such a manner as to render 
the construction stable. 

In order that the cantilever bridge should be stable, it is 
essential, that the centres of gravity of the systems of counter- 
poised beams built out from either abutment, should fall well 
within the base of the abutment, upon which the system of beams 
rests. The bridge will be most stable, when the centres of gravity 
of the systems of the counterpoised beams, are vertically above 
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the geometrical centres of the bases of the abutmentSi on which 
they rest. 

§ 102« The methods of constructing masonry bridges are 
discussed in section VII, page 930 et seq. Reference should 
also be made to Vol. I^ Part 11, section III, page 18 1, Arches. 

Old railway bar bridges are constructed upon the same prin- 
ciples as wooden bridges of the plain strutted beam, trussed 
beam, or cantilever types. 

SECTION III.— SELECTION OF THE SITE AND AP- 

PROACHES OF A BRIDGE. 

§ 103, The expense of erecting a bridge may be incurred to 
lessen the cost of export of timber, or to provide a dirett cross- 
ing passable at all times of the year, so as to render a forest more 
accessible. The sites of small bridges on roads are fixed when 
the road is alignedi as it is impracticable to alter materially > 
the direction of a road in every case, in order to obtain a 
somewhat better site for a small bridge. The actual position 
of a bridge should be fixedi so as to obtain good foundations for 
its abutments and piers. The best foundation in the case of 
masonry piers and abutments is, good, hard, durable rock. Firm 
earth will afford a safe foundation for the abutments and piers 
of small masonry bridges. The ends of the longitudinal beams 
of wooden bridges may be supported on wall plates, mortised 
on to tenoned wooden posts, sunk three or four feet into the 
ground, or on wall plates laid on the surface of firm ground two 
or three feet from the edge of the gap. 

Where the depression to be crossed is shallow, a small area 
of waterway required, and the current slow, it is generally pos- 
sible to throw out embankments from either side of the depres- 
sion, ending in dry rubble, or if necessary masonry abutments, 
thus materially decreasing the span of the bridge. 

When the bridge has more than one span, the piers must be 
provided with good foundation beds ; and if made of masonry, 
they must rest on solid rock or firm unyielding earth, at a 
depth below the reach of the scouring action of the stream ; a 
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weak substratum may be strengthened by depositing on it a 
solid mass of concrete of sufficient area and thickness. Piers 
and abutments must never be merely placed on the surface of 
the ground. The foundations of masonry piers should be, where 
practicable, sunk 6 to 12 inches into the rock^ and may be 
stepped into it if its surface is not horizontal. 

Good sound earth, or a bed of boulders, affords the best 
foundation for piers, consisting of a line of wooden posts shown 
in figure 39, page 122. 

§ 104. The sites of the more ' important bridges crossing 
large streams should be selected before the construction of the 
road is commenced ; they should be independent of the detailed 
alignment of the road, and often form obligatory points on its 
alignment. 

The site of an important bridge should be chosen where-— 

(i) it is in the general direction of the proposed road ; 

(2) good foundations for the abutments and piers of the 

bridge can be obtained ; 

(3) the banks of the river are above flood level, stable 

and fairly high, and as nearly as possible equal in 
height ; 

(4) the narrowest practicable crossing can be obtained, 

provided the banks are stable. 

The general direction of the road should only be deviated 
from, when it is impossible to find a suitable site for the bridge 
in a fairly direct line. 

Erosion is always greatest at the curves or bends of a river, 
and such points should, whenever practicable, be avoided when 
selecting the site of a bridge. High and nearly vertical banks 
generally indicate firm compact earth and permanence of river 
channel. 

If the banks of the river are subject to rapid erosion by the 
stream ; the eddies caused by a projecting abutment, or other 
obstruction, may scour away the bed of the stream ; or may cut a 
channel behind the abutment, and thus divert the river 

from the bridge. Such banks should be protected from erosion 
Vol. II. R 
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by training the river above the site of the bridge ; i.r.i dtrectiiig 
its course in such a manner as to confine the stream to its present 
channel, and to prevent it from undermining or isolating 
an abutment. The banks of the stream immediately above the 
bridge itself should be strengthened at the same Ume. The 
training works to be effective! must be commenced a consider* 
able distance above the site of the bridge. Some methods of 
training streams and protectbg river banks will be considered 
in Volume III, Part VIL 

Long deep cuttings as approaches to bridges should be 
avoided if practicable^ since special arrangements will be neces- 
sary to carry oS the drainage of the road in the cutting, so as to 
prevent its damaging the abutments of the bridge. 

§ 105^ Waterway.— After the site of the bridge has 
been chosen, the amount of space to be left for the passage of 
the stream in flood, under the bridge must be determined, that 
is to say, the amount of waterway necessary. Sufficient 
space should be provided in every case, for the passage of the 
stream during the highest flood which has ever occurred, with 
a liberal margin for more water. Space should be left for float- 
ing objects^ such as logs, uprooted trees and drift-wood 
which may come down, as well as for the water itself. 

In important bridges it is necessary to make elaborate 
calculations as to the volume of water passing under the 
bridge, but for ordinary forest bridges this is not often 
necessary. In streams subject to heavy floods, the abutments 
of the bridge should not be built out into the river-bed, so as to 
diminish the area of waterway, and thus increase the rise of flood 
water above the site of the bridge, thus causing a more rapid 
Current and greater risk of scouring action on the bed of the 
stream at the site of the bridge. A great deal ol useful inform- 
ation regarding the waterway necessary for a river in flood, can 
be obtained by examining such traces of high floods as may 
exist ; and by making local en quiries in the neighbourhood, as to 
the height to which the stream rose, during the greatest flood 
which can be remembered. 
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The best time to make such observations and enquiries is 
at the close of the rainy season, while traces of the floods which 
have recently occurred will still be easily recognized. The 
height of the roadway of existing bridges above the river-bed 
1 shoufd be noted as well as those of any temporary bridges which 
may have been destroyed in previous floods. 

SuflScient information may thus be obtained to determine 
the height above the stream of the roadway of bridges con- 
structed departmentally for forest works. 

In localities where streams are liable to heavy floods^ a very 
liberal amount of waterway must always be allowed; as 
unless this is done^ a bridge may be carried away as soon as^ 
built by an unusually high floods s^uch as may only occur once in 
ten years. 

Where heavy floods occur, it is better to make a bridge of a 
few large spans, than one of a great number of small ones ; and 
where headway is limited^ any trussing should be above and not 
beneath the longitudinal beamsi especially where drift-^wood 
comes down the river. Overhead trusses require to be tied 
together laterally to prevent their spreading. 

$ 106. Approaches to thb BRiDGE.-^The approaches to 
a bridge should always be above the flood level of the stream ^ 
as, if this rule is not attended to, the stream in flood may flow 
over and cut away the embankments and leave the bridge 
standing in the middle of the bed of the stream.— (/^. A. Lodge.) 
Long and deep cuttings leading to a bridge should be 
avoided for the reasons given on page ii8, § 104. 

When the level of the finished bridge is either considerably 
above, or considerably below, the level of the road, on one or 
both sides of it, care must be taken to give proper gradients 
(these depend upon the class of road on which the bridge is) 
to the approaches to the bridge. 

The level of the finished bridge may be considerably above 

the level of the road or path on one side of it, in the case of a 

stream which has a very wide bed, and only actually occupies 

a small portion of it ; where there is^ a steep and high bank on 
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one side on\j, and when the main bed of 'the stream sets right 
against this high bank, and cuts its bed lower here, and thus 
leaving the remaining portion of the bed dry, and only sli ghtly 
higher than the channel it itself occupies. 

The bridge over the river Asan at Dermawala on the 
Saharanpur-Chakrata Road, just north of the Siwalik Range, is 
an example of this. 

The level of the finished bridge is frequently considerably 
below the levels of the paths leading down to it on either side, 
in the case of paths in the hills, crossing large streams 
flowing in confined valleys ; and in such cases care must be 
taken ''to give suitable gradients to the approaches of the 
bridges that are built. 

The gradient of the road or path approaching a bridge 
should be as gentle as possible, and should never exceed 
the maximum gradient allowed on the class of road which is 
being constructed (see page 34, § 37) even for a short distance. 
If the direction of the road is not in the same straight line as 
that of the bridge, the approaches to it should be given as gentle 
a curve as the nature of the ground will allow without incur- 
ring a considerable additional outlay. A curve of from 50 to 
100 feet radius is suitable for a cart-road. 

§ 107. The width op a bridgb.— The width of a bridge 
depends upon the character of the traffic which passes over it, 
and to a certain extent upon the intensity of that traffic. 

For a cart-road a width of from 8 to 12 feet for a single, 
and 12 to 18 feet for a double track will be sufficient ; while for 
a footpath or a path for mules and other pack animals a width 
of from 5 to 8 feet should be allowed. 

Where the amount of traffic is small, the width of the bridge 
need only be sufficiently wide to allow of one vehicle or pack 
animal crossing it at one and the same time. 

SECTION IV.-SIMPLE WOODEN BRIDQES. 
§ 108. In all constructions of wood, it is an axiom that all 
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woodwork should, as far as possible, be exposed to view, A 
simple wooden bridge consists of the following parts : — 

(i) The abutments and piers which support the longitu. 
dinal beams. 

(2) The longitudinal beams upon which the roadway and 

railings rest. 

(3) The trusses which strengthen and stiffen the longitu- 

dinal beams. 

(4) The roadway and railings. 

§ 109- Piers and abutments of wooden bridges.— 

The piers of wooden bridges are ordinarily constructed of wood^ 
stone, or both combined, and occasionally of iron. The shape 
of the pier depends upon its situation and surrounding; for 
instance, in the case of bridge over a river-bed, which is dry 
for the greater part of the year, but which may contain a consi- 
derable volume of water during the rains, the piers should be 
constructed so as to offer the least possible resistance to the 
passage of the water, and should consequently consist of a single 
row of posts, in line with the direction of the current, strength- 
ened by struts and braces as shown in figure 391 page 122. 
The individual posts which make up the pier (c, c, fig. 39) 
should, where practicablci be driven or screwed into the river- 
bed (and are then known as piles^) as far as possible below the 
scouring point of the bed of the stream,^ 

The posts used for the uprights of the pier (c, c^ fig. 39) 
should, in the case of cart-roads, be from 10 to 14 inches in dia* 
meter, and may be roughly squared. If the roadway of the 
bridge is less than 15 feet above the bed of the stream, the piles 
which are driven into the river-bed will form the piers of the 
bridge. But if the roadway of the bridge is so far above the bed 
of the stream that sufficiently long piles cannot be obtained of 
the required dimensions, a capsill timber is mortised, and 
strapped or bolted, on to the levelled and tenoned heads of the 

1 As hM been already notad, the streama which have asoally to be bridged by Forest Officers 
only coDtalo water dnr lag a few weeks or months (as the case may be) In the year and are 
perfectly dry for die rest of the year. When these streams come down in 6ood daring the rainy 
season, the bed of the stream becomes saturated with water and often becomes perfectly anstable 
and in some cases (where the ri vei^bed is made of sand) quite liquid. The fbuadatioos of the piers 
must be taken down below this depth, and founded in the stratum below, which is nnaflfected by the 
Hoods which past dowo tha bed of the stream. 



row of piles ; or a beam is bolted od to each aide of the row 
. of piles, level with the top ; and the beams fonniDg the pier 
aie supported by pieces of wood bolted or spiked to either side 
of the piles. 

Fig, 39. 



Figure 39 h em »ltvati»n of a pitr eontiOing of a jingli row o/fiUi 
andpotUfor a cari'rwi (afttr Tredgold). a, a art iin hngitmdiiial btamt 
of the bridge. These rtt en a trou pieet h, vkieh forma At kead ef the 
pier !e,e art the upright potte of nhieh the pier u wtadey d, d mre strut§ 
added to tti fen the eonitrvctionte,/ is thtltveLof the water i g,gart the 
piles whith art driven into tht river-bed. The arrow shows the direction of 
th4 stream. 

The pier may be strengthened by the addition of diagonal 
braces bolted to the uprights in pairs, one on either side. These 
braces (</, d) sbonld be arranged, as shown' in figure 39, so as to 
enable the pier to efiectualty resist tiie force of the stream 
when in flood. Inclined beams (struts d (fignre 39), shsald jJbo 
be added, at any rate oa the up*stream side of the pier, so as 
to throw the force of the stream in flood ofF from die pier itaelt; 
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it similar struts are added on the down-stream side alsOi they 
will materially strengthen the structure^ 

The piles driven directly into the river-bed are sometimes 
tied together, by horizontal bracing timbers bolted on opposite 
sides of the posts, at about low water level. 

If the pier is a tall one, horizontal bracing timbers may be 
fiJLed at vertical intervals of lO or 15 feet. 

For a stronger and more lofty pieri two or three rows of 
piles may be driven into the river-bed ; and their beads connected 
together by longitudinal and transverse capsillSi mortised and 
notched : the upright posts of the pier stand on this pile 
frame-work. Where the road crosses, the stream diagonallyi 
the piles of the piers should be placed in line with the direc« 
tion of the current of the streami thus causing the least resist* 
ance to the passage of the water when in flood. 

The consideration of the different kinds of piles, and the 
ways in which they may be driven, is discussed in detail in the 
following paragraphs. 

§ 110. Piles.-— Timber piles are trunks of trees either 
round, roughly squared, or rectangular! in section, and pointed 
at one end. They generally vary in size from 6 to 16 inches 
side or diameter ; and in length from 20 to 45 feet. 

The heart of the tree should be in the centre of the pile ; the 
wood straight in grain, free from transverse knots, specially 
dead ones, sound and well seasoned. The piles must be 
straight ; and in some cases two opposite sides, or all the sides, 
are hewn or sawn straight and parallel Squared or rectangular 
piles may be driven down with the more solid end uppermost, 
or vice versd for bard woods. 

Long piles may be built up of short logs by fished butt joints 
(see Vol. I, page 107, fig. 28), the butt ends to be cut level and 
true, and one or two wrought iron fishplates (say fiat bars 2^ 
inches by f of an inch) bolted or spiked to each face of the piles 
at the joint ; the length of the fishplates being 24 to 30 inches 
for a full sized pile. 

Large piles are built up of two or four ordinary piles 
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grouped together, dowelled and bolted with wrought iron bolts 
or, for more temporary work, held together by dog irons. 

Piles are generally used as tearing piles sustaining a verti* 
cal loading ; for special purposes they are sometimes used in 
an inclined position and are then called raking piles. They are 
driven into the ground until it is considered that they will bear 
without yielding the intended load ; the resistance to penetra* 
tion offered by the soil and its friction against the sides of the 
pile being together greater than the maximum effort for penetra- 
tion under the load. 

The unsupported length of pile should not exceed 20 times 
its side or diameter. Straight cylindrical sticks with the bark 
left on are sometimes used, they are driven with the butt of the 
tree uppermost, receiving the blows of the ram. 

Timber piles driven into loose or soft ground, such as mud, 
peat, etc., offer but little resistance to lateral pressure. To 
enable such piles to resist lateral pressure, they must either be 
driven deeply into a firm substratum, or the soft ground must 
be displaced by depositing sound earth, sand, gravel, broken soft 
rock, etc., to form a bank of compact ground, into which the piles 
are to be driven. 

When a group of bearing piles has to be driven, the heads 
are generally cut off to a horizontal plane, and longitudinal or 
transverse capsill beams are mortised on to tenons cut on the 
tops of the piles. In some cases the capsills have notched on 
to them longitudinal or transverse beams, as the case may be, 
thus forming a rigid skeleton frame* work. If a masonry pier 
is placed on a pile foundation, a mass of hydraulic lime or 
cement concrete, 2 to 3 feet in thickness and upwards, thoroughly 
compacted by ramming, should be formed surrounding and 
embedding the pile heads. 

Piles are also used to form a close jointed wooden wall 
{sheeting piles), and for this purpose rectangular piles may be 
used ; they are driven down with the sawn narrow edges in 
close contact ; they vary in size from 2 inches thick by 9 inches 
wide, up to about 12 inches square. 

A close jointed, almost watertight, wall may be made of soft 
wood sheeting piles, by cutting a groove in both contact sidesi 
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and driving into it a tongue of hard wood or a flat bar of 
wrought iron 3 to 4 inches wide and f inch thick. 

In selecting piles for a particular work, a boring tool may 
be used to explore the nature of the substrata, into which the 
piles are to be driven, and from this exploration, the required 
length of each pile may be estimated ) thus saving the cutting 
of a long pile to waste. About 24 inches extra length must 
be provided to allow for cutting off the bruised'head of the pile. 

§ 111. The lower end of a pile is pointed to facilitate pene- 
tration, and for all> except very soft soils, this point must be shod 
with wrought iron, cast iron, or compound shoes. The length 
of taper of the point is from one and a half to twice the side or 
diameter of the pile. 

A simple pile shoe for light work is made of wrought iron 
or steel plate, three-eighths of an inch thick, bent into the shape 
of a hollow cone, with a vertical folded joint, interlocked and 
rivetted through ; the extreme point or apex may have a solid 
conical point about 2 to 4 inches long welded in. For an 
8 inch pile such a shoe may be 14 inches high and 7 inches 
diameter at its widest part. A shoe of similar shape may be 
made entirely of cast iron from | to f inch in thickness. 

Another form of shoe is built up of a solid wedge-shaped 
or pyramidal point of wrought iron, into which flat bars about 
2 inches by } inch by 18 inches long are welded : these bars 
or straps are spiked to the tapering sides of the wooden pile 
point. 

Light cast iron shoes are liable to crack when driven into 
contact with hard stony ground, and light wrought iron strap 
. shoes may be wedged open, or the point may be turned aside and 
the straps crumpled up. 

A good pattern of shoe (figures 40, 41 and 421 page 126) is 
a compound shoe made up of a cast iron point fitted with wrought 
iron bar straps. The cast iron point, wedge shaped or pyramidal, 
should furnish a base about 4 to 6 inches square, to give a good 
bearing surface for the end of the pile. The straps may be 
uiiited to the cast-iron point by soft iron rivets, cast in the 

Vol. IL « 
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wedge-shaped cast-iron points; grooves may be cast in the 
two wide faceSi as shown in figures 40, 41 and 42, to receive 
the ends of the wrought iron straps. 

Figs. 40 & 41. 







1^ 




FiG. 42. 



^^ 




I I 



•^^U* 



Figure 40 is a plan of a compound shoe, consisting of a solid cast iron • 
point c, with wrought iron bar straps. The bar straps are omitted in the 
figure. The parts of the cast-iron point and soft iron rivets a, a, which are 
not seen, are indicated by dotted lines, b, b are the grooves cast in the two 
wide faces to receive the bar straps. 

Figure 41 is a front elevation of the shoe, c is the solid cast-iron point. 

The dotted portions d, d above indicate the position of part of the bar strap, 
a, a are the soft iron rivets, b, b the grooves cast in the cast iron point. 

Figure 42 is a side elevation of the shoe, letters as in figures 40 and 41. 
Scale = i.) ^6 t t 
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The pyramidal point may be cast as two co-asial pyramids 
superposed, the upper one being truncated and having 8 sides 
at the larger and 4 sides at the smaller end ( see figures 43 and 
44 ), thus giving a shoulder covering the ends of the wrought iron 
straps. 

Fig. 44- 



Fic. 43- 




Figur» 43 thorn in plan a Pyramidal pointed shot, cast as twa eo^axial 
Pyramids andfitttd with nrought iron bar straps. 

Figur* 44 is an tUvation oftfu same shoe. 

a is th* Pyramidal point, b is the upper eo-aiaal trunsatii pyramid 
partly hiddtn by one of tie straps e, c, c, e. d, 4 [figurt 44) are the bolts 
fastening the wrought iron straps to the solid cast iron point. Tkey art 
omUttd from figure 43. Tht dotted lines in figure 43 skov the shape ofikt 
towtrofiho two co-axial pyramids. (Sealt—^.) 

Vql. II. s 2 
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A largecast iron shoe (figures 45 and 46) (or i3 to 14 inch 
square piles was of } incb metal, an inverted four-sided pyramid 
\b\ inches high ; socket to receive the wood point of the pile 8 
to 9 inches deep, 3 spike boles in each side of the socket, solid 
apex, and point I inch square and rounded. 

FtG. 45- 



-- >! 




FtG. 46- 




Figure 45 " '*« Pl<» of « largi 'ast-iran skot. vhiUfgun 46 is a ver- 
tical ueHon along iht lint A Bio thtw iU eentlrueiioH. a. a art the fiiki 
koltt. iSale=i.) ^ 
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Similar shoes, wedge shaped, and with one narrow side 
vertical and coinciding with the (ace of the pile, and the other 
inclined to the vertical| are used for sheeting piles. This form 
of shoe facilitates the driving of the piles with the narrow 
edges in close contact. 

§ 112. The heads of the piles receive blows from a heavy 
ram of hard wood or cast iron, and it is generally necessary to 
hoop them to prevent splitting. The head of the pile is trimmed 
gradually to a cylindrical shape, and a welded hoop of 
wrought iron is shrunk on. The hoop may be 2 inches by 
f inch flat bar for small piles, up to 4 inches by 1 inch for large 
piles. The hoop is to be 2 to 4 inches below the top of the 
pile, so that the falling weight will not strike it. A hoop, scjuare 
in plan with rounded corners, may be used for square piles 
and a similar or oblong hoop for rectangular piles. 

§ 113. Pile driving.— For a small pile, a tenon is cut on 
the head, and on the tenon is fitted a slab of hard wood, say 4^ 
feet by 2^ feet by 3 inches thick, with a central mortice hole. 
Two men standing on the slab raise and let fall on the pile a hard 
wood rammer 60 to yolbs. in weight ; the height of the lift 
is from 3 to 3^ feet, the weight of the men adds to the effect 
of the blow. Sometimes two slabs are fitted on at right 
angles, on which four men can stand and raise a 120 to i45lbs- 
rammer. 

Another simple method is to plant a wrought iron bar, i^- 
to 2 inches in diameter in the axis of the head of the pile, 
penetrating to a distance of about 12 inches. The bar is 7 to 8 
feet long, and serves as a guide to a barrel-shaped rammer of 
hard wood, say g to 12 inches in diameter and 3 feet long, or 
more. Four equidistant handles of } inch wrought iron bar are 
screwed vertically to the side of the rammer, which has a cylin* 
drical hole bored along its vertical axis, to admit the guide bar. 
The rammer must be well hooped with wrought iron bar near 
each end. A platform for the men lifting the rammer may be 
attached to the pile headj or may be an independent structure. 
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§ 114. For forest works in Upper Burma the pile driver 
shown in figure 47 has been found very useful by Mr. M. Hill, 
Deputy Conservator of ForestSi to whom I am indebted for the 
description and illustration. The pile driver is extremely 
simple and easily set up, and is well adapted to the construction 
of pile bridges across small streams. It consits of a pole e' 
(fig. 47) of any suitable wood about 6 inches in diameter and 
about 16 feet in height ; to this is attached by bolts and nuts 
a traingular frame, c, made of pieces of wrought iron welded 
together, the horizontal arm of this frame is broadened out at the 
end to form a ring /, through which an iron guide rod b^ three- 
quarters of an inch in diameter and about 15 feet long, moves 
freely. The weight or monkey n, which works up and down 
this rod, is made of s&l, {Shorea robusta) or any other heavy 
wood. It is bound 2 inches from either end with iron bands i^ 
inches wide and { inch thick A, h to prevent it splitting, 
through the centre, a hole is bored in which the iron rod can 
move freely: a block of s&l wood, 15 inches long and 10 to 13 
inches in diameter, weighing about 73lbs., is used in Upper 
Burma. 

Figure 47 is a sketch to show the construction and method of use tfa 
small pile driver used in Upper Burma, d is the pile to be driven, a is the 
monkey wMch is raised by men pulling at the.small ropes fastened to the 
rope g, which is attached to the iron handle I, spiked on to the monkey a. The 
rope g passes through a pulley k, suspended from a hook m, resting in the 
eye of a bolt which connects the wrought iron staff with the horieontal arm 
of the wrought iron bracket c. The monkey a works om a vertical rod A. 
The lower end of this rod is embedded a few inches in the centre of the 
upper end of the pile to be driven, while its upper \end passes through the 
hole I in the free end of the horizontal arm of the iron bracket c. The 
wrought iron bracket c is bolted to the upper end of an upwright post e 
securely fastened to trees near by, or to posts driven into the ground for 
that purpose. The position of the post e is fixed so that ^he rod b is truly 
vertical. The brackei c is made of bar iron, but may conveniently be made 
of angle iron 2ixaix| inches, welded to the required shape. Scale 
4 feet to the inch ---{Drawn by M. Hill,) 

Figure 48 shows in plan and figure 49 in elevation the construction of 
the end of the horieontal arm of the frame c : the letters are the same as in 
figure 47. (Scale =s,^). 
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FlQ. 47. 

t/idicaaetiT 



Fig. 48. 
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Fig. 49. 
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A rope g passing through a pulley *, attached to the 
horizontal arm of the frame r, is fastened to an iron handle 
/ spiked on to the monkey. The rope has four or more ends 
to allow of a number of men pulling together. The pile 
driver is fixed in position, and held by two or more ropes 
attached to any convenient objects* A framework f may 
be placed at the base of the pole e to increase its stability 
At the top of the pile d a small hole about 3 inches deep is 
made to receive the lower end of the guide rod b to keep it in 
position. 

The pile while being driven is kept in position by ropes (not 
shown in the figure), and these ropes are adjusted from time to 
time in order to keep the pile perpendicular. 

The monkey is drawn up by men, till close to the pulley, and 
then suddenly let go. No catching or releasing gear is neces- 
sary, and the coolies will not use it if it is attached. As the pile 
is driven in, the iron guide rod moves with it, thus adjusting 
itself automatically with each stroke. The number of men 
employed depends upon the weight of the monkey used. It is 
not necessary that the pole e should be perfectly upright, it may 
be inclined at a considerable angle, so long as the rod b moves 
freely through the ring t\ 

§ 115. The ^^ ringing engine i^ figures 50, 51 and 52, is an 
efficient, handy and simple machine for pile driving. It consits 
of two upright timbers, 4 to 6 inches square (/,/, figs. 50, 51), 
each standing on and tenoned into horizontal sills of similar 
dimensions (not shown in figure). These uprights have a clear 
space between them of 4 or 5 inches and in this space the ram, 
or a projecting portion of it, slides freely. The upright timbers 
or guides (/, figs. 50, 51) are each tenoned into a horizontal tim- 
ber or capsill dy which carries a casting b^ forming a bearing for 
the journal of a sheave a which is 20 to 24 inches in diameter. 

Over the sheave passes a stout rope 4I to 6 inches in girth 
(not shown), attached at one end to a heavy ram (fig. 52) of 
hard wood, hooped near each end, or of cast iron sheathed with 
} inch wrought iron plate, with a projecting vertical feather at 
the back (seen dotted in figure 52); at the other end of the rope 
are attached 8 to 20 smaller ropes about \\ inches in girth, 
called hand ropes, one rope being allowed for each workman* 



Fig. 50. 
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Figures so and $1 
driving piles. Figure i 
The same letters are u^ 
which the capsills d, d t 
into the capsills, and t 
castings b, b nhich car 
two wood screws If I to \ 
which form the backstay 
by which they are faste 
shown in figure 5/. 

The feathered proji 
rights f,f, fig. SI. {Sc 

Vol. II 



Fig. 53. 




Figure $3 shorn im side eUtaticK tkt rtm of the ringing engiiu.»it 
tht ram, tlu portion tkoviH i'k dotttd Unt tlidtt betwttit the two uprigktt 
/, fof ih» ringing ongint,fig. ;i. e, c are the large vashtr'platet fitting 
lately at the back of ike uprights/, f which keep the ram in position, i, b 
are the bolts which fasten the nasker plates to the ram, A staph {square 
in secHom) d is Ut into the top of the ram and is kept in position by » cotter 
pin h. e is the rope fastened to the ram and passing over the sheave (a, 
fig. 5c), by meases of vhich the ram is raised nhen required. Fig. Jj is 
a steHen along ike line A B, fig. $» to show how ihe staple isfastoTted to the 
ram. (SMle=^.) 
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The ram is lifted by all pulling smartly together at the hand 
ropes, and then suddenly slackening, and allowing the jerked up 
ram to fall freely on the pile head. The ram rises about 4^ feet 
if smartly pulled up. The feather at the back of the ram or 
monkey slides freely between the guide timbers, and is held 
there by two large washer plates {c, r, fig. 52) fitting loosely at 
the back of the guides and bolted to the ram. 

To each upright timber / there is a strutting timber (g, tig. 
51) or backstay, hinged with a knuckle joint to a bolt k, passing 
through the capsill d, and extending behind the uprights ; the 
backstays are sometimes shod with a helnyet-shaped hollow 
casting (or 3 or 4 wrought iron flat bar straps placed equi- 
distant and welded together at one end to forn^ a jpoint) to 
facilitate fixing in the ground. Side struts are also used, ex- 
tending from the projecting horizontal sill timber, to the side of 
the uprights at one-third to one-half their height. These are 
not shown in figure 51. 

The weight a man can lift for a day's work averages from 
35 to 40 lbs., and about 20 men is the greatest number that can 
be efficiently employed at the hand ropes; 12 men is usually 
the maximum. The ram will therefore weigh from 800 to 480 lbs. 
as a maximum ; it should be at least equal to the weight of 
the pile where practicable. The number of blows given per 
hour may average 12 volleys of 30 blows each, the men taking 
a short rest after delivering a volley ; sometimes a volley lasts 3 
or 4 minutes, and 400 to 500 blows are given per hour with 40 
or 50 blows in a volley. 

■ 

§ 116. Pitching and driving a ^i7^.— The timber pile is 
brought up to the foot of the pile engine and placed accurately 
in position ; sometimes a shallow pit is dug to receive the point. 
It is then fastened to the pile engine, or to convenient fixed 
points close by, so that it will be guided in its descent ; in the 
former case it may be lashed or bolted to a block of hard wood 
sliding freely between the guide timbers ; in the latter it is en- 
circled by a loose fitting wrought iron hoop which is attached 
with ropes or chains to convenient fixed points. When the pile 

Vol. II T 2 
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is properly secured for guidance, it may be then driven down. 
If a pile has to be driven down below the platform of the pile 
engine, a length of hard, tough wood, hooped at both ends (a 
dolly) is commonly used ; the blows of the ram received by the 
dolly may lose from one-half to two-thirds their efficiency 
for driving the pile. A bruised or besomed out pile head 
should be cut ofl down to sound wood, if the length of the oile 
permits, and the head re-hooped[; a bruised head lessens materi- 
ally the efficiency of the blow of the ram. 

To check the malpractice of cutting off the head of an im- 
perfectly driven pile, the side or two sides of a pile should be 
marked indelibly with the length of the pile, from the pile point, 
and the figtPres incised or burnt in, and the head of the pile 
should not be trimmed to receive the superstructure until the 
pile driving has undergone inspection. 

All pile driving should be under trustworthy supervision, and 
if the operations are extensive, accurate notes should be taken of 
the driving of each pile, the number of blows given, weight of 
the ram, length of fall, distance driven per blow or group 
of blows, and the time occupied. 

The weight of the ram is generally limited by considera- 
tions of carriage from place to place and facility of handling ; 
but should, if practicable, be greater than that of the pile to be 
driven, A heavy ram with a low fall and rapid succession of 
blows is more effective, and is less liable to cause injury to the 
pile, than a light ram and a long fall. The penetration under 
the blows of light ram, should not be less than one-half to one 
quarter of an inch per blow, according to the hardness of the 
soil ; if less, there is risk of injuring the wood of the pile at either 
point or head, and the weight of the ram must be increased. 

§ 117. A fine close compact sand offers great resistance to 
the driving of piles by impact. Comparatively light blows in 
rapid succession are more efFective than heavy blows at lone 
intervals ; the sand round the pile may advantageously be 
saturated with water. A more efficient method is to use a 
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strong jet of water to wash away the sand in advance of the 
pile pointy the water rising up the sides prevents the sand 
from gripping the pile. The water jet is usually carried down 
one or more pipes temporarily fixed to the side or sides of the 
pile. A il inch diameter pipe is generally large enough; two 
fixed on opposite sides of the pile give good results. The jet 
may be derived from a line of pipes carrying water from a moun- 
tain stream ; 50 feet of head may be sufficient ; the stronger the 
jet the greater its efiBciency. When the pile has been sunk to 
the required depth, a few blows are given with a ram and the 
sand is allowed to settle round the pile. 

§ 118. The load which a pile driven into the ground by 
impact will carry may be approximately ascertained by the 
following formula of Weisbach. 

T X ^ 

Where P is the extreme load in tons 
ws weight of the ram in tons ; 
As fall of the ram in feet ; 
mssweight of the pile in tons; 
jr=the average penetration per blow (in a series 
of blows) in decimals of a foot. 
A factor of safety of from 5 to 10 is used to give the safe 
working load. A high factor of safety^'should be used for a pile 
driven into soft or wet ground and subjected to strong vibra* 
tions. 

§ 119. Disc piles.—- When it is required to sink piles in a 
fine close sand with the help of a water jet, a socketted disc of 
cast iron or cast steel, may be fitted round the end of the un- 
pointed pile (see figures 54 and 55, page 138). This disc will 
greatly increase the area of bearing surface and add to the 
carrying capacity of the pile. 
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Figure S4 " on tUvaiion, Jigura 55 a plan ef a dite^ootad pit*, a U 
iht Umbir filt. b tht loekei into -ahich it Jits, h, A Ikt boltt ithich farita 
the pit* into the socket, g the dite proper, circular in plan, e, c flanges to 
strengthen tht union of tht socket and disc, t, e the water jet pipes, f tht 
vroughl iron koof which is shrunk on to strengthen the top of the loekit. 
d, d two of the scrapers. The serapsri which are arranged symmttrieally 
art not shown in figure $4- {ScaJex ^T-) 

Th« casting is bolted to the pile, with two through bolts 
crossing one another. The disc g may be circalar, or square in 
plan, and the socket i 8 to 10 inches high, the top being rein* 
forced by a wrought iron hoop / shrunk on ; the pile may pene- 
trate through the disc, or be seated on its upper surface as 
shown in the figures. On the under side of the disc may be 
cast 6 or 8 radiating ribs, d d, figure 53, projecting about 2 
inches ; these ribs may have a serrated edge. The water jet 
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tubes Bf e are brought down the sides of the pile and pass 
through the disc flangei projecting about 6 inches. 

The descent of the pile is facilitated by giving an alternate 
rotary motion to the disc. A long lever bar^ lashed to the pile, 
is moved forwards and backwards through about i of a revolu- 
tion of the pile ; the radiating ribs will scrape away any hard 
material beneath the disc. The piles should be cylindrical if 
the rotary motion is given, and the water jec tubes should not 
project beyond the bottom of the disc proper. 

Disc-fopted piles with underscrapers can be sunk with the 
water jet to a rock surface and then be made to scrape away 
the soft rock to a fair bearing. 

Disc-footed piles are mot driven by impact nor yet screwed 
down, but sink in virtue of their own weighty the sand imme- 
diately below them being washed away by the water jet. They 
can only be sunk in quicksands, pure sand, soft mud, or any 
substance that can be washed away by the water jets. 

§ 120. Screw piles.— The screw piles used in the con- 
struction of large bridges and piers, generally consist of hollow 
cylind ers of cast iron, or solid bars of wrought iron or mild steel. 
At the foot of the pile there is a helical flange carried nearly 
once round the pi]e, or for very soft soils once and a half or 
twice round in a spiral. The pitch or vertical distance 
gained in one convolution may vary according to the soil pene- 
trated, but the general practice is to adopt a mean pitch of 
between 6 and 10 inches, according to the resistance to pene- 
tration. 

The diameter of the screw blade (see figure 56, page 140) is 
generally from 2\ to 3! times the diameter of a hollow pile, 
and from 6 to 8 times that of the solid pile. 

The cast iron hollow pile varies from 8 to 24 inches in 
diameter, though larger piles are used ; the solid pile may be 
from 3 to 8 inches in diameter, according to the size of rolled 
bar iron procurable. 
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Fig. 58. 




Pigure 56 is the plan of a screw btade, the tower or cutting edge A being 

tangential^ and the upper or following edge B being radial to the pile. The 

shaded portion in the middle of the figure shows the hexagonal wooden pile 

in cross section, $0 as to take ike torsional stress of screwing dovin the pile. 

The minimum thickness of the casting is li inches f and this ii increased 
by 2S per cent, where the screvf blade is carried* The angle measured 
horizontally between the two edges 'of the screw blade is 40^. iSaUe ss j^.) 

Figure 57 shows the screw pile casting in elevation, and figure 5^ is a 
Vertical section through the same, Thi Cutting edge shown in figure 57 
(dotted where not visible) is \ inch thick* The thickness of the blade (see 
figure sS) where it is united to the socket into which the pile fits is a little 
more than 3 inches thick. 

The pitch of the screw is g inches, the half pitch is shown in figure $$. 
The band a shrunk on to the socket near its upper end is 2 inches wide 
by i inch thick, b is the wooden pile, c ie the blade f d the socket casting into 
which the pile is fitted and rivetted (the rivets are not shown in the figures), 
c is the cutting edge of the screw blade. (Scale = ^.) 
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In the cast iron hollow pile the screw blade forms an 
integral portion of the casting; the metal is thickened by 
about 25 per cent, where the screw blade is carried, and also at 
the flange and at the spigot and socket joints. 

For the solid pile a separate mild steel or iron casting is 
made^ to fit on the ^ower end. The casting may be a short 
length of hollow cylinder carrying the screw blade; the solid 
pile penetrating through the casting and terminating in a 
blunt point : or the casting may be socketted, and terminated 
in an auger point. In each case the torsional stress of screwing 
down is taken by a flat surface planed on the side of the pile, 
(or two opposite flat surfaces) fitting on to a similarly shaped 
passage or socket in the casting ; a through rivet holds the 
casting on the pile end. The lip of the socket should be 
reinforced by wrought iron hoops shrunk on. 

In localities where the cost of transport renders the use of 
cast or wrought iron or mild steel piles impracticable, screw 
piles are made of hard tough wood, square in section, furnished 
with a cast iron screw point ; the wooden pile may penetrate 
through the casting and end in a blunt point, or the casting 
may be socketted and terminate in a sharp point ; the wooden 
pile being fastened by two rivets, placed at right angles to each 
other, to the socket of the casting, as is done in the case of disc 
piles. 

The screw blade for ordinary compact earths is carried 
less than one turn round, and its edges do not overlap (see 
figure 56, page 140). 

The lower or cutting edge of the blade is designed tangen* 
tial to the outside of the pile, and the upper or followixjg edge 
starts from nearly the same vertical line, but is radial to the 
pile, as shown in figure 56, page 140. The angle between the 
two edges on the plan is about 40 degrees. There is a clear* 
ance therefore between the edges, facilitating the passage of 
the blade through the earth. 

§ 121. The screwing down or rotation of the pile may be 
effected by manual, or animal power, applied to long lever 
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bars lashed^ or otherwise fastened to the pile ; the power thus 
obtained for rotating the pile is generally sufficient to screw 
it down in light soils. In one instance 4 oak levers 24 feet 
long, bound round with hoop iron, were fitted into sockets in a 
disc capstan-head, mounted rigidly on the top of the pile, a 
horse being attached by a chain to the end of each lever. In 
another case, eight lever bars, each 9 feet long, were shipped 
in a cast iron capstan-head mounted on the pile. The bars were 
probably 4I inches by 4 inches at the periphery of the cap- 
stan and 3 inches diameter at the extreme ends, and 3 men 
pushed at each lever bar, which should be of good sound, 
straight-grained, tough wood. Long levers give more power, 
and examples are on reco^d of lever bars 30 feet long with 5 
or 6 men to each bar, and of bars 40 feet long, eight bullocks 
being yoked to each of the four levers* 

The capstan-head may conveniently be made of two annular 
discs of wrought iron plate 3J feet to 4 feet external diameter, 
and 4 to } inch in thickness, separated by wedge-shaped blocks 
of hard wood, placed radially and equidistant, and fitted between 
the discs so that 6 or 8 sockets are formed to receive the ends 
of the capstan bars (see figures 59 and 60| page 144 ; and 61 and 
62, page 146). The discs are ri vetted or bolted through the 
wood blocks, and three or four of these fastenings may be 
eye bolts, for the attachment of ropes or chains, by which 
the capstan-head can be lifted. Annular disc capstan-heads 
have generally an octagonal or hexagonal central aperture, a 
cast iron socket of corresponding shape being fitted between and 
bolted through the discs. The head of the pile is cut to a 
similar shape and the capstan-head fits tightly on to it. 
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FigurB sg is the flan of a capstan-head mad* of two wrought iron plates 
rivetted on to a central cast iron socket, the internal section of which is 

octagonal. 

Each of the wrought iron plates, as well as the central cast iron 
socket, is made in four equal sections, ai, a^ a^ a^ art the 4 sections of the 
upper wrought iron plate (those constituting the lower plate are not seen in 
the plan) and b, b, b, b the sections which make up the central cast iron 
socket The sections «„ a^ <r„ a^ are made of i inch wrought iron plate, the 
thinnest part of the cast iron socket is one inch. The cast iron socket is 
seen in cross section in figure 5o. The sections b, b, b, b are fastened, each 
by two rivets {c c) one inch in diameter, to the corresponding sections of 
the cast iron central socket. 

The four sections a, a, a, a are bolted to each other by bolts d, d, ij 
inches in diameter, two bolts being required for each junction.. When the 
sections a, a, a, a are in contact with one another, the diameter of the 
central aperture, which is fitted on to the top of the pile, is 8 inches. Blocks 
of wood e, e, e, e can be placed between the several sections so as to increase 
the diameter of the central aperture to twelve inches. The bolts d,d, etc, 
pass through the blocks of wood e, e, $, e. Other blocks of woodff, f,f^ etc., 
are placed at intervals, as shown in the figure, between the upper and 
lower plates, and are fastened to both plates by rivets placed in iron pipes 
g glet into the plates {to prevent the wood being burnt). The blocks f ,f, f, 
etc. form holes into which the ends of the levers I, I, I, etc., by which 
the capstan is rotaUd, are placed. The portions of the socket and wrought 
iron plates which are seen in cross section are marked with cross lines. 
The portions of the levers, central socket, and bolts which are not seen are 

^hown in dotted lines. {Scaler M _ , ,, ,, t. j ^l 

Figure 60 is an elevation of one^half of the capstan-head, the section 
a and a^ having been removed. The Utters are those used in figure S9> 
b,b, parts of the central socket, are seen partly in eUvation, partly in section, 
h h are sections of the lower plate which is not visibU in figure 5p. 
d, d, d, d, etc ^re either rivet hoUs or else rivets, p is the upper part of 
the pile which is to be screwed down. (Scale^s^,) 

i 122. A hand driven windlass, single or double purchase 
according to the power required, may also be used for the rotation 
of a screw pile. A stout rope is wound several turns round the 
deepened ends of the arms of a strong capstan-head rigidly fixed 
on the pile (see figs. 61 and 62, page 146) ; the rope passes at 
one end to the drum of the windlass, and as the rope is wound 
on the drum, it causes roUtion of the capstan-head and pile; 
when the rope is entirely unwound from the capstan-head, it 
must be again coiled round it and the same process repeated. 



Figure 6 1 tkovt in plan and fig. 61 in eltvaliom, tht detail of the tnd 
of one of ike armt of a strong cafistan-kead. rigidlfJtMd to a pile viHch 
can b* rotated by means ef a rop* and a tingle or double purchase mnilass. 

a ii the end of the arm{fapstan bar) e, e are tvo small block* i)f 
■mood, placed one aiwe and the other underneath the end of the capstan bar 
so as to deepen it and are bolted (h, g and fare the boltt) to it, e is a thin 
plate of metal balled (rt is the bolt, not seen in ■elevation') oh to thn enlarged 
end of the arm to protect it. The plate m is boiled on to the top of Ike 
bar, and the (Jtains which brace adjacent pairs of levers are attached 
to these plates. The bars are strengthened by struts b, b bolted on to Ike 
ends of the arms (t and k are ike boltt) ani abutting against the neMt 
lever nhere. it leamis the capstan-head, d, d are thin plates bent up at 
the end as shown in fig. 62 lehieh keep the coiled rope from tlip/nng off 
the end of capstan bars. {Scale =i^-) 
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Continuous rotation may be secured by the use of an endless 
rope taking one turn round the grooved ends of the capstan 
bars mounted in the capstan head^ and two or three turns 
round the drum of the windlass* The capstan bars may 
be 9 inches by 4 inches at the periphery of the capstan-head 
tapering in about 10 feet length to 5 inches by 3 inches ; at their 
grooved outer ends they are fitted with wrought iron collarsi 
to which are attached chains, with coupling screws between 
each adjacent pair of bars, so that the ends of all the bars can 
be braced rigidly together ; the chains may be of | inch round 
wrought iron and the right and left handed coupling screws 
I inch in diametefi the screw links of f inch round bars. 
The total diameter of the capstan-head with the bars may 
therefore be about 23 feet. The endless rope must be guided 
on to the capstan bars and on to the windlass drum by sheaves 
fixed at convenient points ; a man is usually employed to dis- 
pose of the rope as it comes away from the drum, 

§ 123. It is necessary to use strong guiding tackle to 
prevent the screw pile from swerving out of its true position. 
An ordinary form consists of a wrought iron ring, built up of 
4 or 6 segments flange bolted together, and fitting loosely 
round the pile ; this ring can be fixed in position to guide the 
pile by ropes or chains extending to convenient fixed points. 
In some cases the ring encircling the pile may be rigidly fixed 
to a beam which extends between two fixed points. 

The carrying power of a screw pile, or of any pile 
driven into soft ground, may be increased by placing round the 
pile, two or three layers of stout logs, round or roughly squared, 
each layer crossing joints with the previous one. A strong 
casting with a wide flange at its lower end, built up of two 
halves, by bolted flanged joints at a vertical divisioui is fitted 
closely gripping the pile, and also resting firmly on the timber 
logs, thus transmitting the load on the pile to the log platform 
covering a large area of the surface of the ground. The casting 
may with advantage be placed so tjiat its upper end abuts 
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against a block of wood notched and bolted or spiked to 
each side of a timber pile. 

§ 124* In the case of the timber bridge constructed over the 
Rohini torrent in the Darjeeling Terai^ a stream which flows 
through and over a bed of large boulders and gravel and sand, 
and is dry or nearly so in the winter and hot weather, and 
subject to sudden floods during the rains; Mr. Manson, then 
Deputy Conservator of Forests, adopted the following ex- 
pedient. The wooden beams, of which the piers were con- 
structed, were first framed and bolted together ; trenches were 
excavated for each pier when the river was almost dry 
shortly before the commencement of the rains, and the framed 
piers were placed in the trenches, and firmly embedded in 
them. This bridge has stood for 15 years and none of the 
piers have been washed away, though several heavy floods have 
occurred which have cut through the embankments at either 
end of the bridge. Mr. Manson had observed that bridges buhlt 
on piles in streams, were frequently broken by the stream 
cutting a deep channel in one place, and washing out the piles 
of one or more piers ; and also that there much difficulty was 
often experienced in driving piles into the beds of streams, owing 
to the abundance of the boulders, and that the workmen cut off 
that portion of the pile that they could not drive into the bed of 
the stream. 



§ 125. When a bridge is to be taken across a depression, 
down which no considerable volume of water ever flows the 
piers which support it, may be constnrcted of dry rubble stone 
work, strengthened if necessary at intervafe, by horizontal frames 
of wood notched on to each other. These piers should be 
rectangular or square in plan, the sides being buik tapering 
upwards with a batter of i in 6 or i in 8. The top of the pier 
should be sufficiently wide to carry the roadway of the bridge. 
The construction of a pier of this description is shown m 
Volume I, Part II, figure 88, page 171. 

Where stones suitable for dry rubble are not available 
cribwork piers and abutment* may be constructed A cribwork^ 
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pier consists of a framework of rough poles, fastened to each 
other by wooden pegs or nails, and filled with stones. The' 
poles are arranged so that the stones inside cannot be washed 
Out by the force of the stream to which they are exposed. 

The construction of cribwork piers is similar to that of crib* 
work spars, and will be discussed in detail in Volume III, Part 
VII. 

$126. The tONGlTUDlNAL BEAMS.— Under ordinary circum* 
stances no truss is required to strengthen the longitudinal beams 
over a span of less than 20 feet; and where timber of large 
dimensions is available, the span may be increased to 30 feet 
for bridges on inspection or bridle paths or sledge roads. 
Figure 63 shows the arrangement of the longitudinal beams 
in such a case. 

Fig, 63. 



Figuri 63 shorn m tUvation tkt longitudinal beam t^ a simpU 
nooden bridgt beftre the mad-may has bet* euUtdj a is tki lottgiiudinal 
beam t b.bths wall plaUss c, c tht ebutmtnti ^ tht bridgt. The other 
longitudinal beams art not visible. 

The ends of the longitudinal beams should rest on scantling? 
called wall plates, laid either on the abutments of the bridge 
9B either side of the obsUcle to be spanned ; or on wooden posts 
which may take the place of the abutments in the case of 
bridges of a small span, or on footpaths. The wall plates 
distribute the weight of the structure more uniformly over its 
supports. 

If the abutments are constructed of masonry, and large 
stabs of stone are available, they shonld be used in preference 
to wooden plates, as they are more durable. 

V«u 11- * 
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The dimensions of the longitudinal beams depend upon the 
live and dead load which they have to carry and also upon the 
span (see §141^ page 167). 

The roadway of foot bridges usually rests on two longitudinal 
beams^ placed parallel to each other and carrying the transverse 
planks of the footway. 

As regards bridges for cart-roads just wide enough for the 
passage of one cart, if two longitudinal beams only are used| 
they should be arranged, if practicable, so as to fall under the 
wheels of the cart If three or more longitudinal beams are used, 
they should be placed at equal distances from each other. 

If the available beams are too short, and the longitudinal 
beams have to be constructed of two beams, the joints should, 
whenever practicable, be made over a permanent support. 

§ 127. The scantlings used for the longitudinal beams of 
bridges are usually rectangular in section, and are laid on- 
one of the narrower sides* In rough forest bridges, in localities 
where wood is plentiful and labour expensive, it is often econo- 
mical to use roughly squared instead of rectangular beams. 

The sectional area of beams, square in section, required to 
support a given weight, will be greater than that of properly 
dimensioned beams rectangular, in section ; but where timber of 
a large size is plentiful, this is practically of little importance. 

The strongest beam^ that can be cut out of a log is obtained 
by dividing its diameter A C (fig. 64) into three equal parts at 
I, 2y and drawing perpendiculars at these points at right angles 
to ^ C to meet the circumference of the log at B and D and 
joining the points A B C D. 

The stiffest beam, 1'.^., the beam which will carry tjie 
greatest weight with the least bending, will be obtained, if the 
diameter is divided into four parts instead of three, as has been 
done in fig. 651 and joining the points up as in the first ex- 
ample* 

^ Molesworth't <* Pocket-book of uaefol Formulae and Memoraadft for Civil ancl 
Mechanical Engineers," aist edition, i88a, page lai. 
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Fig. 65. 




Piguv 64 shovi the mtthod ofcuiting the strongest beam possible out 
of a log b: d: : 07 : t*o. 

Figure 6$ shows how the stiffest beam (against transverse bending) 
may be cut out of a logt in this case bid: : 0*57 : i*o» 

§ 128. Trussed beams. — For a span of more than 20 feet 
it may be difficult in the case of a bridge on a cart-road, to 
obtain beams of the size required to carry the weight of the 
superstructure of the bridge, and the live load which will pass 
over it. The beams will generally be found to be insuffi- 
ciently deep. A beam /nay be strengthened by increasing 
its depth in the manner shown in fig. 66, by bolting two 
beams together, wooden keys [6 B, Fig. 66) being introduced 
between the bolts, to prevent the different parts from sliding one 
over the other. These keys should be of hard wood. The total 

Fig. 66. 




Figure 66 shows in elevation a method of making a large beam out of 
two smaller ones, by bolting them together. Keys are added to prevent one 
of the beams sliding aver the others a a are the two small beams j b b the 
keys: e t the bolts placed at equal distance along the beams d d the 
wall-plates, and e e the walls on which the beam rests {after Tredgold). 

Vol. II. la 
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thickness of all the keys used should be somewhat greater than 
I of that of the resulting beam, and their total breadth twice 
that thickness*^ 

§ 129. Tredgold* gives the followingr ule|for determining the 
dimensions of the iron rod used when the beam is trussed as 
shown in fig. 67. The depth of the truss being ^V^^ ^^ that 
of the span, and the horizontal portion C D being ^rd of the 
span, the diameter {d) of the horizontal portion C D and {d) 
of the parts A C^D B in inches are given by the formulae 

d = o'i3 ^w and d^ = o'lSv/w 

respectively, where w = weight which the beam has to support 
added to half its own weight expressed in cwts, (i cwt. sa 

112%.) 

FiGi 67. 
A 




Figure 67 shows a method of strengthening a beam by the addition of 
an iron rod and brackets: a is the beam i b the iron rodj c, c the bracket 

{after Tredgold), , 

Iron plates or large washers should be placed on the cut 
surfaces of the beam at A and B, to prevent the wood being 
crushed by the nuts which keep the rod 6 in position. The cut 
surfaces themselves should be at right angles to the directions 
of those portions of the rod which pass through the beam itself* 

§ 130. Figure 68 shows a method of strengthening a longi- 
tudinal beam, by decreasing the distance between the points at 
which it is supported, and also an ingenious method of support- 
ing a wall plate when the material of which the abutment is 
composed is wanting in strength. Both these contrivances have 
been used by Mr. F. A. Lodge, Deputy Conservator of Forests 
in the Madras Presidency, and are likely to be of use to Forest 
Officers in other parts of India. 

^ Tredgold's " Carpentry,** by Hurst, 4th edition, London^ E. and N. Spoa., 
1883, page 135. 

• X^edgold, ep eit.^ page I77« 



simple wooden bridges. 
Fig. 68. 



Figure 68 shows in elevation, on the rigkUhand side, a method of 
strengthening a longitudinal beam by decrtasing tk» distance between 
the points at which it is supported : and on the left-hand side, a method t^ 
supporting a -Biall plate when the material of which the abutment is con- ' 
strutted is wanting in strength, a is the longitudinal beam, b, b the wall 
plates on vhich it rests, g one of the inclined beams by which the wall 
plate it supported. Two or three suck beams should be usid to support the 
wall plait, e is a strut wkiek is added to farm an additional point of sup- 
port to the longitudinal beam. Its upper end rests against a block of 
wood bolted e [or strapped) to the longitudinal beam, while its lower end 
rests en a stone slab, d,. placed as shown in the figure, f is the bolt 
which fastens the block « to the longitudinal beam a. A strut similar to 
that shown in the figure is placed under each of the longitudinal beams of 
the bridge.— (Drawn by F. A. Lodge.) 

§ 131. Where iron is not available, or where sufficiently long 
beams cannot be obtained, the longitudinal beams may be sup- 
ported by iDcliaed struts as in figure 69, page 154. A strutted 
beam can be used for spans up to 50 feet io length. 

The longitudinal beams A and B are supported by a'straining 
beam C D, the two lengths are joined by a simple butt joint (see 
figure 69, page 15a), the ends being bolted or strapped to the 
straining beam. The free ends of the longitudinal beams rest 
on wall plates I and K, which are in their turn supported by the 
abutmentsof the bridge. The straining beam is supported by two 
inclined struts E and F, the lower ends of which rest on wall plates 
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G and H, or stone blocks (Rg. 68, page 153) built into the piers 
or the abutments of the bridge. A plain mitre joint should be 
formed between the straining beam and the struts, and iron straps 
(see figs. 75 and 76, page t6o) added to prevent lateral motioa 
if the struts are inclined at an angle of less than 45 degrees with 
the horizon. These straps should be placed one on either side of 
the straining beam and strut to be joined together and should be 
bolted together through them. (See figs. 75 and 76, page 160). 

The ends of the struts E and F are shown in figure 69 
as cut off so as to rest on horizontal beds ; they are stronger if 
their ends are squared, and rest on wall plates placed at right 
angles to their length — {F. A. Lodge) ; but in this case induce a 
great thrust on the abutment. 

The struts may be tied together by scantlings placed horizon* 
tally {braces) nailed on to the struts to prevent their spreading 
laterally. (See Sg. 77, page 161.) 

If the struts which support the straining beam are long, 
they may be braced (/, tig. 77, page 161) to the main longitudinal 
beams of the bridge to prevent their sagging, that is, bending 
downwards in the middle of their length. The construction of 
this truss will be considered in detail later on, see § 136, page 
160. 

Fig. 69. 



Figure 69 ihovt in tlnation a longitudinal beam rf a bridgt of a 
grtaftr span than la feet, w/mm no long timber is available. A R tiu longi' 
tudinal beam vhiek it in two fartsj C D it the straining beam vhieh 
itrengthenf the joint .- B, P are jtruts supporting Iht longitudinal beams 
and abutting against the ends of the ttraintng beam ; d H, I andKart 
mall plates ; L and M represent the ahttmentt tf the bridge. 
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§ 132. In the case of footbridges on inspection or bridle 
paths, where the span is more than 20 feet, a simple T-shaped 
support, shown in figs. 70 and 71, may be introduced, lessening 
the span according to the number and position of the supports. 



FiQ. 70. 

a a 



B 




B 



\J 



J 



Fig. 71. 




B 



u 



Figure 70 is the end elevation of a simple T-shaped supporifor fooU 
brieves, a^aare ike longitudinal beams of the bridge $ B is the T-shaped 
support, {Scale s ^) 

Figure 7/ t!f the side elevation of the same support* B is the longitudinal, 
beam ; A thi support. {Scale s j|.) 
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The weight which a beam of given dtmeDsiotid can carry 
safely depends, among other considerationsi upon the distance 
between the points at which it is supported. . The greater the 
distance between the points of support, the smaller will be the 
load that it can carry : in the case of the lobgitudinal beam of a 
bridge, the introduction of an intermediate support decreases 
the distances between the points at which the longitudinal 
beam is supported, and consequently allows of the beam sup- 
porting a load which it could not otherwise carry. 

The support need not necessarily be placed at the centre of 
the span, but should have a firm foundation, and should be placed 
where it will not be carried away by the stream. Where 
the bridge is not used in the rains, the support may be 
removed as soon as the rains set in. 

§ 133. Sometimes scantlings sufficiently long to stretch 
across the obstacle to be spanned cannot be obtained, and 
two scantlings must be joined together so as to make a beam 
of the required length. If the beam cannot be strengthened 
by the introduction of an intermediate support, the joint must 
be a scarfed one, specially constructed so as to resist a cross 
strain (see Volume I, page 1 10^ figs. 32 and 33). 

If the joint, however, can be directly supported, a much simp- 
ler form may be adopted, as shown in figure 72, page 157. A 
T-shaped support must be placed under each beam that is joined 
and if it is considered advisable, these supports may be stiffened 
by being tied to each other by inclined braces. 

The joint need not necessarily be placed in the middle of 
the span, but should be put in any position where a good found* 
ation can be obtained for the support which strengthens it* 
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Fig. 72. 




W^ 



Figure 79 is a side elivaiion of a support to be placed underneath a 
longitudinal beam which has been lengthened by scarfing, in the case cf a 
scft straight grained wood, such as a conifer, {Scale = ^.) 

§ 134. On an inspection or bridle path, a sledge road, or 
even a cart-road, when the streaiA to be bridged is subject to 
floods, and a rush of water might carry away the struts or 
other form of support placed below the roadway, a truss may 
be constructed above the roadway of the bridge as is shown in 
fig* 73> P*8® ^5^- Where the roadway of the bridge can be sup- 
ported on two longitudinal beams, placed one on either side of 
the roadway, as, for example, in the case of a bridle path or sledge 
road, the cross pieces which support the roadway itself can be 
laid directly on the beams /*• In this case the beam i is not re- 
quired and can be omitted altogether. 
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For the details of the construction of this truss reference 
should be made to Volume I| Part I, section IX, paragraphs 
95, 98, loi, pages 114, 117 and 125, where the difEerent forms 
of joints are discussed in detail. 

§ 135. Construction of a strutted beam.— In a strutted 

beam scantlings which have to resist a force of compression 
are called struts^ and those which are subjected to a tensile 
force are called ties or braces. 

Joints in timber construction are a source of weakness^ they 
must be made as strong as possible ; and the simpler the joint 
the easier is it to make accurately and well fitting. The 
surfaces of the wood forming the joints should be in perfect 
contact, so that pressure is transmitted uniformly. If the sur- 
faces of the wood are ill fitting, the parts in actual contact will 
bear the pressure intended to be carried by the whole area of 
the joint ; this may induce a splitting or crushing of the fibres of 
the wood. 

Some of the joints, for example, that between the straining 
beam and the struts, may be further strengthened by the addi« 
tion of iron straps placed one on either side of the beam 
(figures 75 and 761 page x6o}, and fastened to it by bolts* 

The size of the iron straps used will vary with the dimen- 
sion of the beam to which they are applied. Straps two feet 
long two inches wide and 1 to i an inch thick will usually be 
sufficient fo^ ordinary trusses^ 
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Fig. 75. 




Figure fS ihims in eltvaiioH an iron strafi, uitd to itrtngthen tke 
mittt joint hetneen a straining beam and a strut; a it iht longitudinal 
beam ; b the straining btam ; e the strut ; d is Iht strap ; g, g the bolts by 
vhieh it is fastened to the straining beam and the strut. {Scale ^•^■) 

Figure j6 is a plan of the strut and the straining beam : tke longim 
tudinal beam having been omitted. Letters used are the same as in Fig, fg, 
[Scale = A) 

§ 136, Construction op a truss.— The longitudioal 

beams will be laid as described in § 136, page 149." 

The straining beam should be of the same dimensions as 
the longitudinal beam, and its length about a third of the span. 
The struts supporting the straining beam should be rectangular, 
their breadth being equal to that of the straining beam they 
support; the depth of the struts will vary with their incUnatioo 
to the horizon. 



Figure 77 is a sidi eU-naii, 
bridges up to ^o feet span ; a 
beam,c, J the struts; » », { 
abutments built on rock. Tk 
Iht various joints hav* beem p 

If the length of a stru 
its depth, it should be strt 
pending it from the long! 

The angle of inclina 
may be from 40 to 60 d< 
sufficient waterway cani 
angle less than 45 degre^ 
and the straining beam 
shown in figures 75 and 

The ways in which tl 
been discussed in $$130, 
should be made, 
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The trusses which support the individual longitudinal beams 
of the bridge may be tied together (figure -77, page 161) by 
horizontal pieces of wood g, k in order to prevent their spread- 
ing abroad, and thus endangering the stability of the structure. 

All wall plates should be visible, so that they may be re- 
placed before their decay endangers the stability of the bridge. 
Stone blocks are more durable than wooden wall plates. 

§ 137. Preparation of the w^ood used in bridge build- 
ing. — The preparation and preservation of wood has already 
been considered in Volume I, Part I, Secticm VI, page 58 et 
seq.j so very few additional remarks will be required here. 

If possible, the trees from which the scantlings are to be 
obtained, should be felled or girdled a full year before the 
timber is required, in order to allow the wood to season. No 
appreciable quantity of sap-wood should be allowed to remain 
on the*beams, struts, or ties, when the bridge is constructed of 
sawn timber. Tar or paint materially increases the durability 
of the wood, provided that it is thoroughly seasoned ; where 
wood-tar can be made locally, it may be applied with advantage. 
As a rule, the additional cost of tar or paint renders their use 
impracticable in the case of ordinary forest bridges ; it is usually 
found cheaper to renew the timber portion of the bridge when 
required, rather than to use expensive preservatives in the first 
instance. 

The ends of beams or posts buried in the ground should 
be well charred and tarred to protect them from attacks of 
fungi and insects. The portion thus coated should extend at 
least 6 inches above the ground ; beams and posts are very 
liable to decay at the surface of the ground. 

§ 138. The roadway of a BRiDGE.~The roadway of 
a wooden bridge is generally constructed of planks. The planks 
are usually fastened directly ta the longitudinal beams, and are 
then arranged at right angles to the direction of the road. 

If cross beams are laid on the longitudinal beams, the 
planks may then be placed either diagonally to, or parallel to, 
the direction of the road. 
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If the planks are laid diagonally, the weight of a cart or 
laden animal will be supported by a larger number of planks, and 
each plank will. consequently have to support a smaller weight, 
which is often a decided advantage. 

If the planks are laid parallel to the direction of the road- 
way, a portion of the bridge can be taken up at a time and 
those planks which are worn away by cart-wheels can be 
renewed without taking up and renewing the whole of the 
roadway. 

If the roadway of the bridge on a cart-road is supported 
on 2 or 3 longitudinal beams only, the Bridge will be much 
stronger, if cross beams are placed on the longitudinal ones, and 
the planks of which the roadway is made, fastened to the cross 
beams. 

The planks in the case of bridges on cart-roads may be, or 
may not be, covered with broken stone or earth. 

Sometimes in foot-bridges, an additional layer of thin 
planks is laid along the centre of the roadway of the bridge 
to save wear and tear, as the greater part of the traffic passes 
over that portion of the bridge. These small planks can 
be renewed when worn out, without necessitating the removal 
of the whole of the roadway of the bridge. 

A roadway made of planks only, is much lighter than one 
which is covered with broken stone ; and is generally pre- 
ferable except where the traffic is heavy. A quarter to half inch 
space should be left between each plank, so as to allow rain* 
water to run off quickly and also for the swelling of the wood in 
wet weather. The thickness of the planks will vary from i i 
to 3 inches with the nature of the traffic and the width of the 
roadway. 

In Chittagong bamboos are used instead of planks in the 
construction of the roadway of small bridges. The bamboos, slit 
at the joints and flattened out are woven like a mat, and laid on 
the beams (which are placed rather close together) and covered 
with sods of turf; a very good roadway is thus formed. 
Sometimes two or n^ore thicknesses of this bamboo matting ar^ 
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used. Bamboos similarly flattened out, but not interwoven, 
are used in the construction of the roadway of temporary 
bridges on the Teesta Valley Cart-road (Darjeeling district). — 
{F» B. Manson.) 

§ 139. The railing.— A strong railing, about 4 feet high, 
made either entirely of wood or of wooden uprights, with two 
lines of wire instead of wooden battens, should be placed on 
either side of the roadway for the protection of the traiHc. 
The construction of such a railing is shown in figs. 78 and 
79. The uprights may be tenoned into cross pieces (a, fig. 78) 
placed at suitable distances (about 6 feet apart), or else notched 
into and nailed on to them. A stronger construction is to have 
the cross piece [a) in two parts, make a tenon at the lower end 
of the upright [b)^ place it between the two parts of the cross 
piece, and nail or bolt the three pieces of wood together. The 
upper end of the strut {d^ fig. 78) should in this case be nailed 
to the upright, and its lower ends placed between, and nailed to 
the two parts of the cross piece. 




Figure 7S ts a section through a wooden railing suitable for a bridge 
or path : a is the cross-piece to which the uptight postcf the railing is fixed : 
bis the upright or posi : c, c the railing which is fastened to the posts by 
strong iron staples. The individual rails abut against each other oh a post* 
d is a strut added to strengthen the upright, (Scale = 3^.) 
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Fig. 79. 
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Figure 79 ts ^Atf tusn/e elevaHon of the same railing; the struts are 
hidden by the uprights and are not seen in this figure, (Scale = ^.; 

The uprights should in any case be strutted; adjoining planks 
may project outside the railing in order to receive the feet 
of the struts; or small tranverse beams may be introduced at 
intervals for the same purpose. These beams, if thicker than 
the planking, may be notched on to the longitudinal beams to 
keep the road surface level. 

If wire is substituted for wooden battens, it may be kept 
tight by using the galvanized straining eye bolts shown in 
figure 80. The bolts are made of diameters of || i and f inch 
and of lengths of 9, 12, 15 and 18 inches and are now in 
general use in Europe* 

Fig. 80. 



Figure So fs a sketch of a galvanieed straining eye bolt used for 
tightening wire railings* a is the eye-bolt, b the washer, circular in pla^t , 
and e a nut which works en the thread of the bolt* 
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The wooden battensor wires which form the railing may pass 
through the uprights, or else be fastened to them on the inside. 

If wooden battens are used, they should be fastened to the 
inside of the uprights, because if holes are cut in the uprights to 
receive them, the latter are necessarily weakened. 

§ 140. Road galleries. — It occasionally happens that a 
road has io be carried along the face of a clifl, and in this case a 
gallery is necessary. Figures 81 and 82 taken from the 
" Roorkee Treatise on Civil Engineering " will explain the prin- 
ciple upon which such galleries are constructed. Thescantling 
of the beams used may be calculated in the same way as in the 
case of bridges. 
Fig. 81. Fig. 8a. 




SIDE ELEVATION 



Figun 81 »■* a crosi-teclion, and Si a tid* *UvaiioM of a cliff gat- 
Urf. a. i is the side <f Ike cliff \ c, e art tht erott pieeet of tht truss, 
upon which tht tottgitudtHal beanu d, d, d, uhieh carry iht planking 1 »f 
tht road gallery, rest ; f, g art th* parts of the truss ftkick support tht 
road-may ; h is a ttt to^stiffeu tht truss ; / is a footing of mad upon which 
tht loutr tnds if f and g rest ; while 1, 1 art iron reds supporting tht 
footing j [after the Roorkee Trtatist). 
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§ 141. Calculation OF THE dimensions of the scant- 
ling OF THE TIMBERS USED IN A WOODEN BRIDGE. 

Breaking weight'^U a sufficient weight be applied to the 
centre of a beam supported at both ends, the beam will bend and, 
ultimately, if the weight be sufficiently increased, will break. 
The greater the distance between the points of support and the 
smaller the dimensions (especially the depth) of the beam, the 
less will be the weight which is required to break it. The 
weight, applied at its centre, which will break a beam, is called 
the breaking weight (see Volume I, page 88). The actual 
amount of the weight required to break a beam, in any special 
case, depends upon the depth and width of the beam experi- 
mented on ; and on the distance between the points at which it 
is supported, as well as the quality of the timber. The safe 
load which a beam can carry is found by dividing the breakidg 
weight by z. factor of safety suitable to the circumstances (see 
Volume I, Part II, page 260). 

The actual dimensions of each of the different parts of a 
bridge should be so fixed, that each portion will be sufficiently 
strong to carry with safety the load to which it will be subjected 

In calculating the dimensions of the scantlings of the timber 
used in bridges we shall have to take into account—' 

(a) the dead load — the weight of the bridge itself, which 
usually may ht taken as being equally distributed 
over the whole of the supports. 

lb) the live load, i.e.^ the total weight of the maximum num- 
ber of carts, pack animals, or men which may be on 
the bridge at one time. 

In localities where strong winds or snow are prevalent 
allowances must be made for the horizontal force of the wind 
and the additional weight which the bridge will be required to 

carry, due to snow. 

A bridge should, as a rule, be made strong enough to carry 
the greatest load which can be on it at one time, if this can be 
done without increasing the cost of the structure very consider- 

ably. 

Vol. ii. z a 



i68 BRIDGES. 

The live load may be distributed evenly over the whole 
length of the bridge, as, for example, a string of pack animals 
•passing over it ; or it may be applied to one point only, as in 
the case of a cart. In the latter case, the effect of the weight of 
the cart on the principal members of the bridge, will be 
greatest when the cart is at the centre of the bridge ; and on the 
struts and ties when the cart is over the joints of the second- 
ary members. In the calculations which follow, the beams invest!* 
gated are rectangular in section and are supported near their 
ends. 

§ 142. Determination of the dimensions of the 
planking of the roadway, and the longitudinal beams 

OF A WOODEN BRIDGE.— The formula for calculating the break* 
ing weight of a rectangular beam, supported at both ends, when 
the weight is applied at the centre^ is given by the formula 

w = ^A^ . . . , (I), 

while, if the weight is equally distributed over the whole length 
of the beam, the formula to be used is-« 

W = J.^Ai* . . . (a), 

where W = the breaking weight in lbs, 

P s the co-efficient of transverse strength in lbs. 
(see table on pages go and gi, Volume I). 

b s the breadth of the beam in inches* 

d 33 the depth of beam in inches. 

L A the length of the beam in feet. 
From inspection of the above formulas, we observe that 
the effect of the pressure of a given weighty applied at the 
pentre of a beam, is equal to twice that of the same weighty if 
equally distributed over the whole length of the beam. 

We shall also find on reference to Volume I, the table on 
page 25g, that the factor of safety for a live load is double that 
allowed in the case of a similarly situated dead load> on accourt 
of the possible suddenness of its application. Also, if the live 
load is a concentrated onei as when a cart traverses the bridga^^ 
the straining action on the principal members of the bridge 
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(the longitudinal beams, the trusses which support them) 
will be again doubled on account of the concentration. So 
tiiat the stress which may arise from a concentrated live or 
travelling load, is four times that due to a uniformly distributed 
dead load of the same'magnitude. 

In order that the same formula may be used for calculating 
the size of a beam which has to carry either a dead load 
or a live load, or both a dead or a live load at the same time, it 
will be convenient to ascertain the amount of the distributed 
dead load W^ which is equivalent to the combined distributed 
dead and concentrated live load, by adding the dead load to 
four times the amount of the live load and using the formula-^ 

W = L .... (3) 

In this case the factor of safety for a dead load must be 
used. 

The following factors of safety for wood are recommended in 
the report of a committee of the American Association of Rail- 
way Superintendents of bridges and buildings ^^ on the strength 
of bridge and trestle timbers/' dated the i6th October 

1895:— 

Factors of safety for wood. 

In tension with and across the grain • • • 10 

In compression with the grain • • • • 5 

In compression across the grain • • • • 4 

Shearing with and across the grain • • • • 4 

Transverse rupture, extreme fibre stress • • « 6 

Formulas (i) and (2), page 168, give the breaking 
weight of the beams, there considered. In calculating the 
dimensions of beams, we do not want to find out the dimen* 
sions of beams, which will break under the weight which will 
be applied to them ; but the dimensions of the beams which 
will carry this load with safety, or the safe load which the 
beams can carry. 

The safe load is necessarily less than the breaking weight 
or load, and is deduced from it by dividing the breaking weight 
ox loiad by a factor of safety suitable to the circumstances. 
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Consequently, if w Is the safe distributed dead load which 
can be carried bjr a beam supported at both ends and /the factor 
of safety, 

(4) 



w = 



/.L 



§ 143« Let us now take a simple example, to show the ap<- 
plication of this formula to the calculation of the dimensions 
of the scantlings of a wooden bridge, constructed to carry a foot- 
path across a ravine. 

Assume that the span of the bridge (L) is 20 feet ; that the 
roadway of the bridge is supported by two longitudinal beams, 
rectangular in section, resting on wall-plates, built into the abut- 
ments; that the horizontal distance between the longitudinal 
beams is 5 feet ; that the planks of which the roadway is made 
are 8 feet long, and that they are laid at right angles to the 
longitudinal beams ; and that the live load is a loaded sledge 
weighing, together with the men who take it down, 2,800 lbs. 
The wood used in the construction of the bridge is s&l (Shorea 
robust a). 

Fig. 83. 
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ftgure 8s is a cross section of a simple vooden bridge, 
calculating the dimensions of its constituent parts, a, a 
dinal beams, b the planking which constitutes the roadway^ 
(Scale =: ^0 

We now have to determine the thickness of 
and the dimensions of the longitudinal beams. 

Thickness of the planking.— Tht thickness of 
is obviously made excessively strong, so as 



for purposes of 
are the longitw 
r, r the railing, 

the planking 

new planking 
to provide a 
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considerable margin for wear and tear, and the individual 
planks are retained, until they show liability to yield under the 
weight which they have to bear. The estimation of the mint' 
mum thickness of the planks is therefore somewhat unim- 
portant. 

Experience has shown that in the case of bridges on bridle 
paths, planks 2 inches thick are sufficiently strong to carry any 
load which may pass over them, and also to allow for consider- 
able wear and tear. 

In the case of bridges on cart-roads supported by three or 
more longitudinal beams, the planks should be made 3 inches 
thick where the traffic is heavy. 

Dimensions of longitudinal beams^-^ln calculating the di- 
mensions of the longitudinal beams, we have to take into con- 
sideration the joint effect of the dead load and the live load. 

The dead load is uniformly distributed over the longi- 
tudinal beams and is supported equally by each. The dead 
load is made up of the weight of the longitudinal beams them- 
selves, the weight of the roadway resting on them, and the 
weight of the railings. 

The live load is also supported equally by the two longi. 
tudinal beams. The live load will produce the greatest strain- 
ing effect when it is concentrated and placed at the centre of 
the bridge. 

In the case under consideration the total load to be sup- 
ported by each of the longitudinal beams will be«- 

Dead load-^ 

The volume of one longitudinal beam (S41) ao ft 

X I ft. X I ft = 90 c. ft., whlc^ at 7$ lbs. per 
cubic foot is • • ifSoo 

The Tolume of the 841 planking a inches thick ; 
4 it long X a inches X ao (the length of the 
bridge in feet) =: 13^ c ft., which at 75 lbs. per 
cubic foot is ..••••• ivooo 

The weight of the ridling, etc., say . • « o/io 

Total • 3,840 

JVo<#.— The dimensions of the longitudinal beams have been assamed for the 
time being, so as to allow of their weight being determined. The dimensions 
chosen should exceed what the actnal dimensions are likely to be, sq that the 
dead load may be loo large rather than too smal). 
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Live had'^ 

lbs. 
One-half of the live load will be carried by each 

of the longitudinal beams, and in the case under 

consideration this is • • • • • • 1400 

The uniformly distributed dead load| which is equivalent to 
the above-noted dead and live loads (see page 169, § 142}, will be 

2,840 4- 4 X 1,400 := 8,440 lbs. 

The dimensions of the longitudinal beam should be such 
that this is the safe load w of the formula on page 170, 

Using the formula given on page 170— « 

• TTT 

and substituting the values, w s 8,440, P s 800 (see Volume 
I, page 91), L = 20^ / ss 6 (see table on page 169, factor of 
safety for transverse rupture), we get-« 

8.440x6 xao ^ 

2 X 600 •^''' 

i and d being in inches. 

If we make the ratio of b : d :: i : \/2 then we obtain the 
strongest beam possible (see page 151, fig. 64). Consequently 
substituting for d its value b^z in the above equation we get— 

2 i* = 633 cubic inches* 
or 3* = 316*5 cubic inches, 
or ^ S9 6*815 (nearly) inches. 
Substituting this value in the equation »- 

we get d ss 6*815 ^ 1*414 
or ^ = 9*64 inches. 

The beams should consequently be 10 inches deep by 7 inches 
wide to allow for imperfections in the beams used. 

It may often be convenient to use roughly squared beams 
instead of rectangular ones, and in this case dssd. Substituting 
this value in the equation— 

6 flP=633 
we get rf'=633 
or d —8*59 
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that is to say, if we use square beams instead of rectangular 
ones, we must make the beams 8*59 inches square, or to allow for 
imperfections in the wood, say 8} inches square. 

{ 144. Determination op the dimensions of the 
straining beam and struts of the bridge trusses oe- 
scribed in § 131, page 153. 

In the case of the simple strutted beam briefly described in 
§I3I> the following calculations give the stresses on the strain* 
ing beam and struts. Let A B C D be a truss composed of 
a straining beam B C, and two struts A 6 and C D, resting on 
wall plates placed in the abutments A G, D H, while G H, the 
main longitudinal beam, rests partly on the straining beam and 
partly on the wall plates placed in the abutments. 

Id this form of trussed bridge, the length of the straining 
beam should be preferably ^ of the span, so that G B = B C ^ 
CH. 

Then, considering the equilibrium of the bridge as a whole, 
it is clear that the weight is partly carried by the abutment 
and partly by the straining beam B C. 

Fig. 84. 

I 



Piguf 84 it a diagram tf a Hfuittd longitudinal btam dttcribtd briefly 
in tteiioit 131 thowiHg tktforut aeting on it. G H » a longitudinal b»am ; 
B C IIA4 ttrmtung banns A B, C O fA« slfvts suppwHng it. K K' th* 
ctntfit ^ tht tpttna G B, C H rtsptetimly. Tke/aen of the abutment 
G A, H D art in tht figurt vtrtioal planet, a it tht angtt tthith tht struts 
makt vith tht vertical plana. 

Vol ,11. a a 
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So far as concerns the portions of the bridge G B and C H, 
half the weight of these portions will be carried by the abut- 
ments G H and half by the ends of the straining beam B C ; 
because^ since the centre of gravity of each of these portions of 
the bridge is equidistant from the points at which they are sup- 
ported, the weight of each portion is carried equally by each 
support. Let K, K' be the centre points of the spans G B, C H 
respectively. Then the whole weight of the bridge from K to K', 
that is I of its length, is carried directly by the straining beam 
BC. 

The straining beam is, in its turn, supported by the struts, 
AB, C D. Hence, it W be the weight of this central frds of 
the bridge, including the live load equivalent and the weight 
of the straining beam, the central portion of the bridge is kept 
in eqCiilibrium by three forces, vt5.:— The load W acting 
vertically downwards through the centre of the span and tne 
compressive strains X, X on the struts, which are clearly equal 
from the symmetry of the figure. These must meet in E. Then 
if a be the angle made by the struts with the vertical wall of the 
abutment resolving vertically, we get— 

W = X cos a + X cos a. 
s a X cos ft. 

orX=.-W_ 

2 cos a. 

= — sec « • • • (5) 

It is also clear that the straining beam being supported by 
the thrust of the struts at either end of it, and a vertical force ; 
it is under a compressive strain due to the horizontal compo- 
nents T of these thrusts ; consequently— 

T = X sin a. 
Substituting the value of X found in equation (i), we get 

T= ^ xSina 
8 cos a 

W 



tan a • • • • (6) 



2 

If there are three trusses of this kind in any bridge,— one 
^t each side and one along the centre-^he centre truss will 
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carry i of the load supported by the three trusses and the 
outer trusses only i each. The trusses would, in practice be 
made all the same size, and should be made strong enough to 
carry the largest stress to which any one of them is subjected. 

From the nature of the load and its actual application, most 
of the stress will nearly always fall on the centre truss. This 
caUi to some extent, be obviated| by not placing the outer trusses 
at the ends of the planks, but nearer the central truss. In the 
case of a bridge on a cart road, the side trusses should, if 
practicable; be placed where the wheels of the carts would 
come, or a little outside this. 

W of the formula in equations (5) and (6) is equal to § of ^ 
of the weight of the whole superstructure and main beams of the 
bridge, and live load equivalent carried by the bridge, together 
with the weight of one straining beam. 

And in any casCi whatever the number of trusses, or the 
proportions the lengths B C, G B, C H may bear to one another, 
the weight W is easily determined by simple calculation. 

If A is the sectional area of the strut in square inches, and 
A| that oi the straining beam also in square inches, and r the 
greatest strain to which each square inch of the kind of wood 
vsed, can be subjected with safety^ then, 

A should equal — ^or since a = — 

^ r 2 cos a 

W / 

s= — sec a . • (7) 

2r 

T W 

and Ai should equal — or since T = — tan a 

= — tan a • • (o) 

2r 

care being taken that the unit of weight in W and r is the same, 

preferably pounds. 

The value of r, used in the above formulae, is deduced from 
the resistance to crushing of the wood (R) by dividing it by a 
factor of safety which should be taken as 5 or more (see table on 
page 169) to allow for the joints in .the truss not being made to 
fit exactly. The numbers expressing the resistance to crushing 

Vol. II 2 A a 
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(R) of the principal Indian woods so far as they are known, are 
given in the table in Volume I^ Part I, on pages go and gi^ and 
are chiefly taken from the Roorkee Treatise on Engineering, 
Volume I, pagesi77-i88 of the 3rd edition (1878). 

Stmts and straining beams, and generally all such pieces 
which are compressed in the direction of their lengthy should be 
made square in section. 

When the span of the bridge does not exceed 15 times 
the depth of the longitudinal beams, and when the struts 
are inclined at an angle with the vertical, not exceeding 
45 degrees, it will be safe and convenient to make the struts and 
straining beam square in section, and of the same breadth as 
the longitudinal beams themselves. Greater dimensions for the 
struts will be required if the angle exceeds 45 degrees. 

§ 145. Determination of the dimensions of the 

BRACE IN THE TRUSS DESCRIBED IN § 136, page 158.— If the 

length of a strut is more than eight times its depth, it should 
be fastened to the longitudinal beam by braces as described in 
§ 136* page 161. 

The object of this brace is merely to prevent the. strut C D 
(fig. 84, page 173) '* sagging " under the action of its own weight, 
which would render it less able to resist the compressive strain 
to which it is subjected. The brace is also of value in stiffen- 
ing and strengthening the whole truss. The brace is most 
effective if attached to the middle point of the strut C D and at 
right angles to it. The brace, generally consists of two piece- 
nailed, one on either side of the principal members of the truss. 
The actual strain on the brace is due to part of the weight of the 
strut CD only, and is very small ; but in consideration of the 
advantage of stiffening the whole structure, it is usually made 
to consist of two short stout planks of a combined sectional 
area of about \ that of the strut itself. 

§ 146. Calculation of the dimensions of the struts 

SUPPORTING the KiNG-POST AND OF THE KiNG-POST ITSELF IN 
THE CASE OF A KiNG-POST BRIDGE TRUSS, SEE § I34, PACE I57. 

Calculation of the dimension of the struts supporting the 
King-post. -^\n a King-post trusS; the K in g^post itself is supported 
(see fig. 73, page 158) by the thrums of the two struts which ar© 
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,n Let us now consider the equilibrium of the head of the King- 

-St. It is acted upon by three forces, via., the weight I 

ticb it supports, acting vertically downwards, and the two 

yJ'usts X, X of the struts (which it is clear from the symmetry 

the figure must be equal) acting as shown by the arrows in 

l,ure 85 which is a diagram, 

"3 Fig. 85. 



SViigt"* Ssihiyat dia^ranntaiietitly a King-post Bridgt truss iniUvo' 
and the Hnet of atiion of somt of tht fore*i to •mhieh Us different 

^^1 art tubjecled. Tht lint of action of thtte forets is ihovn by dotttd 
; and thtir direction by means of arrows. A B is tht suspending piece. 

/Cii A D the struts, which support it. hD the tit beam. G and H, struts 

( f,d to dnngthtn tht scantlings A L, A D. B it a* iron stirrup nhich 
-MS tht tit btam la the King-post. K and K' tht ctntral paints of tht 
ions E B, B F of the tit beam. E F, the wall platts on vhich tht He 
ts rest- E M, F N tht abutments of the bridge. Stirrups at D 
L fasten the struts A Land AD to tht tit btam L D. Tht struts A D 
A L are also notched into tht tit btam. {Scale =A-) 
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Then if a be the angle which the struts A D and A L make 
with the de beam (which is horizontal), then, resolving verti- 
cally, we get 

T=sX cos (90— a) + X cos(90— a). 

=s2X Sin a 

T 
or X= — cosec a ••••(!) 

2 

and if A is the area of one of the principal struts (AL or 
AD) in square inches, then 

A= —•••••• (2) 

r 

where r (see table on page 169) is i of R, the resistance to 
crushing of the wood used, which is given in the table on pages 
90 and 91, Volume I. 

Calculation of the dimensions of a King-post or suspending 
piecel^Vsit weight acting vertically downward through the 
King-post has been already determined and is T of the 
above formulae ; consequently, if A be the area of the King- 
post in square inches— 

As — •••••• (3) 

r 

where r (see table on page 169) is ^ of R, the resistance 
to crushing of the wood used. The values of R for the more 
common of the Indian woods are given in the table on pages 

go and 91, Volume !• 

§ 147. The dimensions of the tie beam.— The hori- 
zontal component H of the thrust X of the strut A D applied to 
the end of the tie beam D one way ; and the horizontal com- 
ponent of the thrust X of the strut AL applied to the other end 
L of the tie beam LD, in the opposite direction, will cause the 
beam to be subjected to a tensile stress. 

T . T EB 

H=-cot««- x^^ 

At the same time, the beam will be exposed to a stress, arising 
from the bending moment caused by the weight which rests on 
It. The beam has to be made strong enough to resist the com- 
bined tendency to fracture. , 

The greatest bending will occur when the tra»velling load 
W is at quarter span, but at this time H will not be at its 
greatest value. When H is great, the bending is small. The 
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exact estimation of the dimensions to safely withstand the 

combined stress is beyond the scope of this work. 

It will be sufficient to calculate the dimensions of the bean 

for bendingi supposing each half to be separately supported at 

its two endS; and loaded with a uniformly distributed dead 

W 2 W, 
load of — * and a concentrated live load of , and in taking 

4 3 

the strength P of the material of the wood (see table on 

pages go and gi, Volume I) to make a deduction of lo per cent. 

as an allowance for the stress due to the tension H. 

§ 148. The secondary struts G and H, as previously men- 
tioned, stiffen the principal ones A L and A D ; the strain on 
them is not great, unless the principal struts are on the point 
of yielding laterally. In large spans the middle points of E B 
and B F are supported by iron tie rods, suspended from the 
joints where G and H are attached to the principal struts A L 
A D. In this case the thrust on G and H i3 a determinate 
amount, but not otherwise. 

§ 149. Iron rods circular in section are sometimes sub- 
stituted for King-posts or suspending pieces. The diameter 
of the rod in inches is given by the following formula.^ 



d 



- V: 



7854 

where d is the diameter of the rod in inches, T the pressure 
or weight acting in the direction of the rod in pounds, and 7854 
the number of pounds which an iron rod one inch in diameter 
can support with safety. 

SECTION v.— SIMPLE WIRE ROPE BRIDGES. 

§ 150* Simple wire rope suspension bridges may be used to 
carry a path across a wide swift stream with high banks, or over 
any other obstacle which does not admit of the use of inter- 
mediate supports. In forest works, bridges of this description 
are usually only required to carry either foot passengers or 
laden pack animals. The roadway of the bridge is suspended 

> Collection of designs for wooden bridges, by Lalla Kunhya LalU i86a 
Thomason College Prtss^ Roerke6, page 91^ { 25a. 
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from two longitudinal wire ropes, firmly anchored on either 
%ide of the stream or other obstacle to be crossed. These ropes 
pass over the tops of posts or piers, placed on either side of the 
obstacle, and hang between them in the form of a parabolic 
curve. 

§ 15L Ratio between the total amount of depres- 

SION OF THE ROPE AND THE SPAN. — The amount of the tension 
on the longitudinal wire ropes of a suspension bridge depends 
upon, not only the weight of the bridge itself but also upon the 
relation of the depression of the rope at the centre of the 
bridge, below the head of the posts or pillars, on either side, 
over which it passes on its way to its anchorages, — to the 
span of the bridge (i.^., the horizontal distance between the 
points on the posts or pillars on which the longitudinal wire rests). 
That is on the ratio of the length c d (fig. 86) to a b. The 
smaller this ratio is, the less will be the vertical component 
of the strain on the longitudinal ropes at their anchorages, 
and consequently the smaller will be the force which tends 
to drag the anchors themselves out of the ground. This is 
important, as unless the ends of the longitudinal rope are 
sufficiently strongly anchored, the bridge may fail owing to 
the ends of the rope being pulled out of the ground by the 
weight of the bridge. 

Fig. 86. 
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Figure 86 is an elevation of the Kullar suspension bridge^ 
Coimhatore} c d should be 24 feet [scale ^0 feet = / inch). 

^ Reduced from a drawing in Indian Engineering, edited by Pat. Doyle, 
Esq., C.E., for November 18th, 1893. 
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The smaller this ratio is, the greater will be the tension on 
the longitudinal ropes themselves; and also the greater th0 
length of the ropes required. 

Experience has shown that the ratio of the tptal amount of 
depression of the longitudinal ropes of a suspension bridge 
c d (fig. 86) to the span of the bridge, should be between i in 
7 and i in 25. If the ratio exceeds the larger ratio (i : 7) 
the force which tends to pull up the anchors of the bridge 
becomes too large ; and if it is less than the smaller ratio i : 25 
the tension to which the longitudinal ropes are subjected 
becomes too great. The most commonly adopted ratio between 
the total amount of depression at the centre of a suspension 
bridge and the span is about i : 14. In the case of the 
Tiuni suspension bridge^ which takes the Mussoorie-Simla 
bridle path across the Tons river, a tributary of the Jumna, 
the length of the bridge from pier to pier is 190 feet, the 
total amount of depression at the centre of the bridge being 
1 3 feet. This gives a ratio of i : 1 3. 

The length of the Thadi&r suspension bridge, which crosses 
the same river about 8 miles higher up, is 146 feet, and th^ 
depression at the centre of the bridge 14 feet, giving a ratio of 
nearly i to lo^. 

The length of each of tlie two spans of the Maindrot 
suspension bridge, which crosses the Tons between Thadiir 
and Tiuni, is 85 feet, the depression in each case being 7 feet, 
which gives a ratio of i to 1 2. 

§ 152. The longitudinal wirb rope.— The borizontal dis- 
tance between the saddles on the piers^ (see fig. gij page 186) 
at one and the same end of a suspension bridge, (and conse- 
quently the distance between the ropes themselves}^ should 
be considerably greater than the width of the roadway of 
the bridge, (and consequently of the longitudinal ropes at 
the centre) ; and the distance between Ibe longitudinai wire 
rope^ at the anchorage should be, in iiice manner, proportioiw 
ately greater. The greater the horizojntal dista^^ between 
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the pi«rs, at the same side Of the bridge, and consequently 
betwecB the toogitoAnal ropes at the anchorage, the wider 
will be the base of support of the ropes, and coaseqnently 
the greater will be the force required to disturb the equilt- 
briom of the system ; since the larger the area of support 
(in this case the anchorage) is, the smaller will be the effect 
of a force (here the force which tends to pull the anchorage out 
of the ground and the lateral piessure of a strong wind) of 
given magnitude exerted on it per utait of area. 

At Tiuni the distance between the wire ropes at the centre 
of the bridge is 4i feetj and the distance between them, where 
they pass over the piers, is n feet 4 inches. 

Id the Tbadifir suspension bridge, the horizontal distance 
between the ropes at the centre of the bridge is 5 feet, and that 
between them where they pass over the piers 13I feet. 

The angles which the loop of the longitudinal rope between 
the piers make with vertical planes, at the points where it 
leaves the posts, are fixed when the ratio of the total amount of 
depression at the centre of the bridge to the horizontal dis- 
tance between the posts (the span) is determined. These 
angles (A A, fig. 87) we the same oa both sides of the 
bridge. 

Fig. 87. 



Figttr* S7isa diagram to shov ikt angUs ef dtprnnoH (A A) of *ht 
pari of ropts -aihich mpporU thi bridgt, end of the anglis of dtfrtaion 
(B, O of ihott portion! of the ropi, tthieh paa o9ar iho pitrs and go to the 
anehon of the bridge. 

Vol. 11. « a a 
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But it is not necessary that the inclination to the vertical 
plane, of those portions of the rope which go from the top of 
the posts to the anchorages, should be equal to the inclination 
to the vertical plane of the loop of the rope. Nor is it necessary 
that the inclination of the portions of the ropes which pass 
from the top of the posts to the anchorages should be the 
same on either side of the bridge. 

This statement is clearly shown in fig, 87, page 183, where 
the angles A, B, and C are all different. 

The inclination of the ropes which pass to the anchorages 
on either side of the bridge, •other conditions being equal, 
depends upon the nature and stability of the ground in which 
the respective anchorages of the bridge are to be made ; and this 
is often of a perfectly different nature on either side of the 
obstacle to be crossed. 

If possible, however, in order chiefly to simplify calculations, 
the inclination of the ropes which lead to the anchors on either 
side of the bridge should be the same. The larger the angle B 
or C is, (fig. 87, page 183), the smaller will be the vertical 
component of the force exerted on the anchors by the tension 
of the longitudinal rope, and the smaller will be the force 
which tends to drag the anchors out of the ground. 

At Tiuni the angle A is 76^ while the angles B and C are 
72^ and 68® respectively. At Thadlftr the angle A is 68 J®, while 
the angles B and C are nearly 57® and 72!® respectively. 

The size of the longitudinal rope depends upon the weiglrt 
which it has to carry, the span, and the total amount of depres- 
9»ion at the centre of the bridge. 

If the span is constant, the larger the angle of depression 
is, the greater will be the tension on the longitudinal rope, 
and consequently the larger must be the rope. 

§ 153. Anchorage op the ropes.— The stability of a 

suspension bridge depends to a very great extent upon the 
strength of the anchorage of the longitudinal wire ropes ; and 
this, in its turn, depends in some degree upon the inclination 
given to those portions of the ropes, which le^d from the 
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tops of the piers to the anchors. The actual amount of the 
inclination given to the ropes, after they have left the piers, 
depends upon the nature of the ground in which the anchors of 
the bridge are placed. If a good natural anchorage cannot be 
obtained, the inclination of the rope to the horizon should be 
small, since the smaller this angle is, the smaller also will be 
the vertical force which will be exerted on the anchorage ; and 
consequently the smaller the force which tends to drag the anchor 
out of the ground. The smaller this angle is, the greater the 
length of rope required, provided the height of the piers are 

fixed. 

If a good durable hard rock is found in situ^ it will be 

sufficient to bore holes in the rock, place iron stanchions in 
them, fill in the holes with molten lead or cement, and to 
fasten the longitudinaf ropes securely to these stanchions. 
A mass of masonry should be built over the rock into which the 
stanchions are fixed, of sufficient weight to counteract the vertical 
component of the tension of the rope. The depth and diameter 
of the holes in which the stanchions are placed depend upon the 
weight of the bridge. Figure 88, page 186, shows how the longi- 
tudinal ropes are fastened at one side of the Tiuni bridge. The 
anchorage would be more stable if the direction of the stan- 
chions was at right angles to that of the longitudinal ropes. 

If the rock is not sufficiently hard to allow of the 
ropes being thus anchored, an artificial anchorage must be 

constructed. 

The anchorage of the Thadiir suspension bridge (fig. 89) is 
constructed of one deodar log, laid horizontally in the ground, 
and kept in position by three logs of either deodar (Cedrus 
Deodar a) or shisham {Dalbergta Sissoo) placed in the ground 
and inclined at an angle of 57f** with the horizon. 

The ends of the longitudinal wire ropes from which the 
bridge is suspended are passed through the horizontal log, 
and then round it two or three times; after which the strands 
making up the rope are unwound, and fastened individually 
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FiguTB 88 shows the anchorage of iho Tiuni suspension bridgo on the 
right hank of the river Tons, {from Professional Papers on Indian En' 
gineering. No, Citl) ; d, a are the main longitudinal ropes ; b, b the stan- 
chions to which the ropes are fastened* 

Figure 8g shows the anchorage of the Thadiar suspension bridge on 
the right bank of the River Tons, a is the longitudinal rope i b the hori* 
gontal log through which it is passed; c the inclined logs (there are j cf them 
which heef the Iwrieontal log in posiiion. Scale s ^^.) 
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to the log. The diameters of the horizontal logs^ as well as 
those of the inclined ones, are 18 inches. 

The inclined logs are 7 feet long. The upper ends pro- 
ject about 18 inches above the level of the ground. A mass 
of dry rubble masonry is placed over one of the anchorages 
in order to protect it from being damaged by slips of the hill- 
side above. This mass of masonry does not rest upon the 
horizontal beam to which the longitudinal rope is Axed, and in 
consequence does not directly increase the strength of the 
anchorage. The horizontal logs were embedded in sand ; they 
were put down in 1876 and are still (1895) perfectly sound. 

Figures go and gi show an elevation and plan of the 
Thadi&r suspension bridge. 

§ 154. Piers.— In the case of light suspension bridges, 
such as a forest officer may have to construct in a hilly district, 
the main longitudinal wire ropes will usually pass over the tops 
of upright wooden posts, firmly embedded in the ground on 
either side of the obstacle to be spanned. 

In large suspension bridges these wooden uprights are 
replaced by masonry piers, but the consideration of such struc- 
tures is far beyond the scope of this book. These posts are 
necessary in order that the roadway may be kept well above 
tiie jriver-.be4« W<1 ^hat sufficient waterway may be provided for 
the stream when in flood. For small bjcklges, the posts may be 
made of lo^ft chosen from i^ood, sound, mature trees of a dur- 
able species. The posts should be firmly embedded in the ahut- 
ment of the bridge or in thi^ ground* The heads of the post^ 
should be tied together in order to prevent their separating. 

The9e posts should be completely encase^ lo wood so as 
to efficiently protect .them (com rain and weather. 

The top of ithe fwst may have a notch cntin it io receive the 
«ia!in loDgitiidiiULl wine cope, as shown in figures gs aad gs, page 
cf86. Aooilier method of ioriMig tiie top of the post is, to 
substftstehalf of 4 fon|^ wiheel <str sn iium saddle for tiie notch 
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Fig. 92. 
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Fig. 93. 




Figure g2 f> the elevation and figure 93 the plan of the head of a 
pier of the Thadidr suspension bridge, a is the main longitudinal rope ; b 
is the notched head of the pier ; c is the brace vfhick ties the heads of the 
piers together. [Scale = -^.) 

cut in the top of the pier. In this case the main longitudinal rope 
(or ropesi if there are more than one) passes over the wheel or 
saddle. In the Tiuni bridge the ropes (there are 4 on each 
side) pass over an iron saddle fixed to the top of the posts. The 
ropes are kept in position by a metal stirrup which is bolted 
to the head of the post. (See figures 94, 95, page 189.) 

The friction between the rope and the posts is considerably 
reduced by the introduction of the iron saddlcj or flanged wheel. 

The horizontal distance between the posts should, as. has 
been previously stated^ be considerably greater than that be- 
tween the ropes at the centre of the bridgej in order that 
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Figure g4 is a sectional elevation of the head of a pier of a suspension 
bridge, a is the main longitudinal rope in section ; b is the iron saddle over 
itthich the rope passes ; c is an iron stirrup which keeps the rope in posi' 
tion ; dis an iron rod which ties the piers together : e in a part of the pier in 
elevation. Adopted from the Tiuni suspension bridge {Professional Papers 
on Indian Engineering, No. CIII). (Scale = ^.) 

Figure 9$ is the plan of the same, the letters used are the same as in 
figure 94. (Scale = ^.) 

the stability of the structure; both as regards the direct 
force required to drag out the anchors of the bridge, and the 
lateral force due to the pressure of a high wind, may be in- 
creased. 
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The height of the posts depends upon the span of the 
bridge, the inclination of the longitudinal ropes, and tlie 
amount of waterway which must be provided. Their sectional 
area must be sufficient to support the weight of the bridge 
which rests on them. 

§ 155. Suspenders OR SUSPENSORS.— The small wire ropes, 
by which the roadway of the bridge is attached to the main 
longitudinal ropes, are called suspenders or suspensors. The 
size of these ropes depends upon the weight of the bridge and 
the live load which it has to carry; 

The suspenders are fastened to the main ^longitudinal ropes 
at fixed equal horizontal distances. They may be fastened to 
the main rope in two ways— 

(i) by being passed through it, and the strands of which 
the suspender is composed, opened out and twisted 
round the main longitudinal rope ; the free ends of the 
wires being bound round by a single ^wire as shown 
in figure 96. 

Fig. 96. 




Figure g6 shows the method of fastening the suspenders to the main 
longitudinal rope adopted at the Thadidr Bridge, a is the suspender, b the 
main longitudinal rope, c the strand of wire wound raund to strengthen tf^ 
joints 
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(2) if the suspenders cannot be passed through the main 
longitudinal ropej they may be first passed twice round 
the main rope, then twice round themselves; and 
the strands of which they are composed opened out 
and twisted round the suspender, with a single strand 
o( wire as shown in figure 97. In order to prevent 
the suspender from slipping along the main ropei 
it is bound over by a single wire c, passed two or 
three times over the suspender and between the 
strands of the main longitudinal rope. This single 
wire forms a loop which prevents the suspender from 
slipping along«the main longitudinal rope.. 

Fig. 97. 




Figure g 7 shows ike method adpptidat the Tiuni suspension bridge 
{Professional Papers on Indian Engineering, No* CIII). a is the suspender ; 
b the main longitudinal rope ; c the strands o/vjire used to prevent the susr 
penderfrom sliding along the main rope ; d the single strand of wire which 
completes the fastening of the suspender. 

The arrangement for tightening wire when necessary, shown 
in figure 97^, page 192, may be introduced with advantage into 
the longer suspenders, so as to allow of their being adjusted to 
their proper length. The cross section of the iron rods of 
which the wire tightener is constructed, must be sufficient to 
bear the strain to which the suspenders will be subjected. 

Vox. II. 2B2 
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Fig. 97^. 



// 



^ .5 ^ 




j/ 



« I 

i i 



h- — sy» %*- — %% "34 




V 



Figure gya shows a contrivance /of tightening iron voire. A is a rod 
upon vihich the thread of a screw is cut ; the thread is cut in opposite direc* 
tions, on either side of the centre of the rod* The red A works in two 
loops B B, to which the wire to be stretched is fastened. The loops are 
brought nearer to each other by turning round the rod A by means of an 
iron bar placed in the hole in the centre of the rod. (Scale = ^.) 

The lower ends of the suspenders are fastened to the cross- 
pieces, upon which the longitudinal beams which carry the 
roadway rest. This may be done either— 

(1) By passing the lower end of the suspender through 

a hole bored in the cross-piece, opening out the 
individual strands of the wire of which the suspender 
is made, and driving a wooden plug into the hole from 
below, the individual strands being secured by small 
staples driven into the cross-pieces : or 

(2) By fixing a screw bolt ending in an eye, into the cross- 

piece, and fastening the lower end of the suspender 
to the eye of the bolt as shown in figure 98, 

The suspender is passed through the eye of the bolt, opened 
out, wound round itself, and finally bound with a single strand 
of wire. 

The second method is the better of the two, but if no eye 
boltfe are available, then the first method must be resorted to. 

The length of the individual suspenders should be such, that 
the roadway of the bridge when complete, should be almost hori- 
zontal ; the centre of the bridge being, if anything, slightly higher 
than the ends. The roadway should be slightly cambered {t\e.^ 
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Fig. 98. 




Figure g8 shorvs the method qf fastening the lower end of the suspendtr to 
the cross-pieces which carry the roadway on the Thadidr suspension bridge ; 
a is the suspender ; b the cross-piece of which only a portion is shown ; c is 
the eye bolt through which the suspender is passed; d is the single strand 0/ 
wire wound round the suspender to complete the joint. {Scale=z.}^.) 

its central portion raised slightly above the two ends) so as to 
ensure that ; after the suspenders have stretched, and the bridge 
has settled ; the roadway at the central portion of the span of 
the bridge, if not quite horizontal, shall be slightly higher 
than the ends. A camber of i foot in a bridge 150 feet 
long will be sufficient. The actual length of the individual 
suspenders may be determined graphically, in the first in- 
stance; by drawing to scale the curve made by the longitu- 
dinal wire rope, and then adding the roadway (with the required 
camber) as a tangent to this curve at its lowest point. The 
suspenders placed at the fixed horizontal distances, should be 
added to this drawing and their exact lengths, as well as their 
relative positions on the longitudinal ropes, can then be scaled 
off. When the horizontal distance between the ropes where 
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they pass over the piers^ is the same as that between the 
ropes at the centre of the bridge ; the true length of the 
suspender will be seen in elevation, as the suspenders will 
in this case be truly vertical. But if, as is usually the case, 
the horizontal distance between the ropes where they leave 
the posts is greater than that between them at the centre 
of the bridge; the suspenders will not be vertical, but will 
be inclined at an angle to the vertical, which decreases as 
we go from the ends of the bridge to the centre ; since the 
points at which the lower ends of the suspenders are fastened 
are all equidistant from the central line of the roadway of the 
bridge. Any individual suspender, will in this case, form the 
hypotenuse of a right angled triangle, the height of which is the 
vertical distance, from the point where the suspender is fastened 
to the longitudinal rope, to the top of the cross-piece to which 
the suspender is attached, produced ; and the base is the hori, 
zontal distance, from the point where the suspender is fastened 
to the cross-piece, to this vertical line. Care should be taken, 
when determining the lengths of the suspenders, to allow a suffi- 
cient additional length of wire, for fastening the suspenders to 
the main longitudinal wire rope, and to the cross-pieces which 
carry thfe roadway. In large suspension bridges, the whole of 
the roadway, and the cross-pieces which support it, are suspended 
from the longitudinal rope. In small suspension bridges, such 
as are usually required in forest works, it is not necessary to 
follow this procedure. Two or three of the cross-pieces, in the 
exact centre of the bridge, often rest on the main longitudinal 
rope, and they should in this case be slightly notched, so as to 
allow of the main longitudinal ropes maintaining the correct 
curve which has been assigned to them. The longitudinal rope 
then passes over a or 4 more of cross-pieces, which are notched 
(if necessary) to maintain the true parabolic curve ; these are 
bound directly to the longitudinal rope. The remaining sus- 
penders are fastened as described on page 192, and their indi- 
vidual length increases as they depart farther and farther away 
from the centre of the bridge. 
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If the wire strainer figured on page 192 be introduced 
into the longer suspenders, the length of the latter can be 
very accurately adjusted in the first instance ; and can be slightly 
altered from time to time, if it is found that the suspenders have 
stretched unequally, either owing to the weight they have to 
carry, o^ to changes of temperature. If we keep the length 
of the suspenders adjusted correctly, we can ensure that 
each suspender does carry its proper share of the weight 
of the bridge. The suspenders in this case may be made, 
if anything, slightly too long at first and shortened by means 
of the wire strainers to the required length, after the cross- 
pieces have been placed in position, and the suspenders have 
stretched, as much as they will do, owing to the weight to 
which they are subjected. 

§156. The Roadway.— The longitudinal beams of the 
bridge rest on the cross-pieces, which in their turn are sus- 
pended from the main longitudinal ropes. The planks which 
foriA the roadway are fastened directly to the longitudinal 
beams. Figure 99 is a cross section of the Thadi&r su^pen* 
sion bridge to show the construction of the roadway. 

In the Thadi&r bridge, the posts carrying the wire, which 
constitutes the railing of the bridge, pass through the planking 
and are tenoned into the cross-pieces ; while small wooden struts 
are added at the level of the roadway in order to strengthen them. 

It would have been better to have made the cross-pieces 
longer and to have added struts in one of the methods described 
in § 139, page 164 et seq. 

The struts can easily be arranged so as not to interfere 
with the attachment of the suspenders to the cross-pieces. 

The planking which forms the roadway may be laid at 
right angles to the direction of the length of the bridge or 
else diagonally as has been described on page 162, § 138, in 
connection with the roadway of simple wooden bridges. It 
is a good plan to place a second layer of thin planks along 
the central portion of the roadway where the bulk of the traffic 
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Fig. 99. 
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Figure gg is a cross section of tht Tkadi&r suspension bridge, a ii a 
cross piece in ilevalion ; b, b the longitudinal beams in section ; c, c the 
planks which form the road-may; rf, d the railing; e,e the struts which 
strengthen the uprights of tht railing ;/,/ the eye bolls to inhich the tus- 
fenders g, g are fastened ; k, h the main longitudinal ropes in section. 
(Scale = ^.) 

falls. These can be renewed when necessary without taking 
up the whole of the roadway. 

§ 157> Suspension bridges are more liable to damage from 
sudden storms of wind, than are the more common forms of 
bridges. A strong wind blowing up or down the valley, in which 
there is a suspension bridge can cause the bridge, specially if it 
is a light one, to sway considerably, and in so doing it may 
seriously strain the structure. 

Where there is a danger from high winds, the rigidity of the 
structure can be materially increased, by the addition of small 
wire ropes (guy lines), which should be fastened to the longi- 
tudinal beams of the bridge, and to the shore, both above and 
below the bridge. The wind will not be able to cause the bridge 
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to sway much until the guy ropes are either broken or the 
anchors to which they are fastened are pulled out bodily. Sus- 
pension bridges are also peculiarly liable to be strained by the 
oscillations set up by a large body of men keeping step march- 
ing over them. The oscillations increase rapidly in degree ; 
and soon become sufficiently serious to endanger the stability 
of the whole structure. For this reason men should never be 
allowed to keep step when crossing a suspension bridge. 

§ 158. Calculations necessary for the determina- 
tion OF THE DIMENSIONS OF THE DIFFERENT PARTS OF A 
SUSPENSION BRIDGE AND THE CONSIDERATION OF THE CON- 
DITIONS NECESSARY FOR THE MAINTENANCE OF ITS EQUILI- 
BRIUM.'^ The only suspension bridges, that it is necessary to 
consider in connection with Forest Engineering, are such as are 
required to carry a footpath or mule-track across a river, that 
cannot conveniently be bridged in any other way : large and 
expensive road bridges are not within the scope of this work. 

Such bridges are generally constructed of iron or steel wire 
ropes carrying a wooden roadway, the end piers consisting of 
stout wooden frames on a masonry foundation. 

Broadly speaking, a suspension bridge consists of a lightly 
constructed roadway, hung by suspending ropes from two paral- 
lel main ropes that run the whole length of the bridge. 

These main ropes hang in a loop between the tops of piers 
considerably elevated above the roadway at either end, and are 
anchored in the ground beyond. 

This loop can have any convenient form which may be dic- 
tated by the conditions of the site ; and the effect of different forms 
of loop on the strains acting on various portions of the structure ; 
in view of the nature and strength of the materials available. For 
a given span and kind of roadway, the greater the dip- given to 
the ropes, the less will be the strain on them ; but against this 
advantage must be set the extra height of the piers and length 
of rope required. 

^ Commanicated by C B. Dupuis, Esq., F.C.H., Bzecotive Engiaeer» 
P. W. D.» Irri^ration Branch. 
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Common proportions between the span and the dip of the 
rope vary from lo to 20 to i. 

In designing a suspension bridge of this kind^ it is therefore 
necessary first to determine the nature of roadway required, the 
span of the bridge, and the dip of the main rope^these funda* 
mental points having been settled, the necessary dimensions of the 
various parts of the structure are determined in detail as follow^ : 

§ 159. FORMULiC FOR CALCULATING THE DIMENSIONS OF 
THE MAIN ROPES OP A SUSPENSION BRIDGE. 

The ropes support— 
(i) Their own weight. 

(2) The weight of the suspenders. 

(3) The weight of the roadway. 

(4) The live load. 

Let this total weight =W. 

This weight may be considered for all practical purposes to 
be equally distributed throughout the length of the bridge: in 
reality, it is slightly greater at the ends. 

Consider the case of one of the main ropes. 

This rope supports an evenly distributed load of half the 
total weight of the bridge and its load, and is in strong tension 
throughout. 

In Fig. 100, if A be the lowest point on the rope {i.e., the centre 
of the span), B the point on the rope where it passes over a pier, 
A E C the roadway, and 6 C a pier, half of the total load on the 

W 
rope, that is, one quarter of the whole weight of the bridge er 

4 

is supported by the length of rope A B. 

Since the weight is uniformly distributed, the line of action 
of the resultant force due to this load will bisect A C at £. 

The portion of rope A B is then maintained in equilibrium by 
three forces, namely :— 

(i) A vertical force, equal to one quarter of the^ ly 
total weight of the bridge and its load acting t .^ 
through E. j 4 

{2) The tension of the rope at its lowest point, a 

horizontal force acting along the line C A J = H 
and therefore passing through E. 
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here it leaves the top \ 
[ the tangent to the f 
line of action of this C ^ 
pass through E. / 



(3) The tension of the rope where it leaves the top 
of the pier acting along 
rope at that point ; the line 
force must therefore also pass through 
Tbeij E K B is a triangle of forces, and since the forces are 
proportional to the sides along which they act, we have 

EK "* EB KB • • • . (i) 

Let X be the span of the bridge, jt the depression of the 
lowest point on the rope below the top of the pier (t\e., the 
dip of the rope), a the angle of depression of the rope where 
it leaves the pier 



Then E K 9 y 



KB = i^ 

4 



and E B 7 K B sec a &b^ sec » 

Fig. 100. 



? 



I 
I 




Figure iooisa diagram to show the conditions of equilibrium in the case 
of a suspension bridge, a b o is the longitudinal wire rope, a is the 
centred point of the span and the lowest point cf tie rope, o is the anchor 
cf one of the main longitudinal ropes, d e is a horizontal line through 
the top of the pier b c d b is half the span of the suspension bridge, b p 
is the tangent to the curve made by the longitudinal rope where it leaves 
the head of the pier. The angle o b f z a. c a is pareUlel to b d. s is 
the centre point ofkc and K is the centre point o/b d. 

The directions in which the forces e^long k b, f, b, and c kact are shown 
by arrows. 
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Substituting these values in equation (l) 
W 4 T 4 H 

4 y X sec a x . . . • (s) 

X 

Hence H = W i6 jy (3) 

and 
X sec a 

T sc W 

i6y • • • • • • (4) 

Expressing equation (3) in wordSi we learn that the tension 
of one of the main ropes of a suspension bridge^ at the centre of 
the span, is equal to the total weight of the bridge and its load, 
multiplied by the span, and divided by sixteen times the dip of 
the rope. 

Equation (4) tells us that the tension of the rope where it 
leaves the pier, is equal to the tension at the centre of the span, 
multiplied by the secant of the angle of depression of the 
rope where it leaves the pier. 

This angle u is the angle whose tangent is JT or ^, and is 

therefore, definitely fixed as soon as the proportion between the 
span and the dip of the rope has been settled. 

The secant of an angle is always greater than unity, but ap- 
proaches to it as the angle becomes small; hence since from 

equation (2) 

T = H sec a, 

it is known that the tension of the rope where it leaves the pier 

must always be greater than the tension at the centre of the span, 

but approaches to it as the angle u diminishes, that is, as the dip 

given to the main rope decreases. 

In the extreme case of a very tight rope, y is very small 
relatively to x, and the angle a is very small, so that T and H 
are nearly equal, and may be indefinitely great. 

In the opposite extreme case of a very slack rope, the ten- 
sion H at the centre of the span becomes indefinitely .small, 

W 
^hile T is also small, and tends to approach — (but in this 

4 

case the assumption made at the commencement of these calcu- 
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lations, that the load is uniformly Mdistributed over the bridge^ 
becomes rather seriously incorrect). 

In practice the angle a is generally small, and sec a 
not much greater than unity, so that H and T are nearly equal, 
that iS| the tension on the main ropes of a suspension bridge is, 
in ordinary cases, nearly the same throughout. 

In designing a suspension bridge, the strength of the ropes 
should of course be calculated for the greater tension T, thus 
giving a slight excess of strength in the central portiops of the 
span. 

This tension T has been shown to be 

X sec A 

W . • . . (4) 

16 y 

X and y have been supposed to be already determined 
from fundamental considerations. 

X the span^ depending on the conditions of the site, such as 
the highest flood level, waterway required, suitable positions 
for piers, etc. 

y the dip of the rbpe^ being fixed more or less arbitrarily, but 
with consideration of the effect of the relative proportions of x 
andjf on the strains noted above, facilities for anchorage, and 
architectural effect. 

Then being expressed in terms of the iame unit (preferably 

feet) 

oL is the angle whose tangent is 4^ 

Note.'^A table of the natiiral trigonometrical functions of 
angles is given in Appendix I, page 255. 

W, the whole weight of the bridge//»^/A^ live load^ depends 
on the nature of the roadway required, and the traffic to be pro* 
vided for. To determine the value of W, the weight of the vari- 
ous parts of the bridge should be worked out separately, and 
addisd together ; these parts consist of 

(1) The two main longitudinal ropes between the tops of 

the piers. 
(4) The suspenders^ of which there may be any conve- 
nient numben * 
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(3) Tke cross pi^ces^ longitudinal beams and planking 

of the roadway itself. 

(4) The railings on either side together with all hooks^ 

boltSy washers, nails and other ironwork. 

(5) The live loady which is generally expressed as so 

many pounds per square foot of road surface. 

Of these, the weights of (3)j (4) and (5) are known at once 
by simple calculation, those of (i) and (a) recjuire to be deter* 
mined, in the first instance^ tentatively with the aid of the 
following table, in a manner that is most clearly indicated by 
an example, see § i66| page 212. 

The tension T is thus fully known and can be expressed in 
pounds or any other convenient uniti and the required size of 
wire for the main ropes determined. 

The following table^ adapted from Molesworth's Pbcket Book 
of Engineering Formulae, gives the working strength and weight 
of iron and steel wure ropes of different sizes ;— 





Iron Wiri. 


StlBL Wntl. 

• 


Clfevmfereace of 








fopc in iDche^t 


W£]gbt yerfoot Wotkln^ itresgtb 


Wsigbt per foot 
ruD In poundi. 


Woriting meogth 




rau ra poundi. 


IB pooncD. 


In poands. 


X 


•14 


650 


•«5 


iK)oa 


1* 


•33 


I/)08 


'23 


1,56a 


't 


•33 


1.456 


•33 


2.262 


If 


•44 


l»994 


•45 


3.091 


s 


•58 


a.598 


•59 


4/>35t 


2* 


73 


3*293 


75 


5,107 


3 
2 


•91 


4,056 


•93 


6,294 


ino 


4.906 


I-13 


7,6iG 


3 


r*3o 


5,846 
W54 


1-33 


9,072 


3* 


1*53 


l'S7 


10,640 


3 
3t 


i"fi 


7^Sa 


1*82 


i».342 


2*04. 


9.139 


2'Og 


14,179 
16,128 


4 


a'33 


10,394 


^37 


4i 


2*63 


".738 


2-68 


18,211 


i 


2'94 


13.149 


3*00 


20,406 


ya; 


14.650 


3*34 


22,736 


5 


3*62 


16,240 


Zio 


25,200 

■■77—.-T- 



The factor of safety for iron and steel wire in the above 
table has been taken as 6>— s.#.^ the breaking strain of the 
ropes is 6 times the working strengths given. 
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§ 160. Calculations for the dimensions of the sus- 
penders. 

There may be any convenient number of suspenders^ arrang- 
ed in pairs, one on each side of the bridge. They are placed at 
equal horizontal intervals along the bridge (the interval from the 
pier to the first suspender at either end being also the same). 

Let the number of suspenders on each side be n, then the 
bridge is divided up into « + i segments, n of which are carried 
by a pair of suspenders each (the remaining segment being 
made up of two half segments supported by the piers at either 
end). 

The weight supported , by the suspenders is the weight 
of n o( these segments of the bridge less the weight of the 
longitudinal wire ropes : if this is W ^ then the weight of each 
segment of the bridge carried by a pair of suspenders is 

^' . . . (5) 



ff+i • • 
and the strain on each suspender 

From this, the necesisary dimensions can be found from the 
table on page 202, giving the working strength of wire ropes 
of different sizes. The strain on each suspender must not 
exceed the working strength of the rope of which it is con- 
structed. ^ 

§ 161* STilAlNS ON THE ANCHORAGE OP THE MAIN ROPES^ 

***»Since the main longitudinal wire ropes are continuous, and 
only pass over the tops of the piers as oyer pullies, the tension 
of each rope from the last suspender to the anchorage is 
practically the same throughout ; the only other external force 
acting on this part of the rope being its own weight which is 
relatively inconsiderable, if the distance from the pier to the 
anchorage is small ; under these conditions, the portions of 
the ropes from the piers to the anchorage^ are approximately 
straight lines; and the strain on the anchorage due to each 
main rope is that due to the tension T of the rope, acting 
along the line on which the ropes leave the anchorage* 
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Fig. ioi. 




B 



Figure loi is a diagram to show the strains which are generated at the 
anchorage of a suspension bridge, C D E is part of one of the main 
longitudinal ropes anchored at E, and passing over the top of the pier 
atD. DFisthe pier, over the head of which the main longitudinal rope 
passes, T shows the tension exerted on the rope near the head of the pier 
and along that portion of the rope which leads to the anchor, a is the 
angle of depression of that portion of the main longitudinal which carries 
the bridge, and |3 the angle of depression of the portion which leads to the 

anchor, h is the vertical distance of the anchorage at E below a horisontal 
line passing through the head of the pier, while 1 is the horisontal distanc* 
of the anchorage from the pier D F, 

In figure loi, C D E is a main rope anchored at E and 
passing over the; top of a pier at D, then the distance D E* 
being small, D E may be regarded as a straight line, and if /3 be 
the angle of depression of the rope D E, the anchorage at E is 
acted on by a force T, whose horizontal and vertical components 
are respectively 

Horizontal =^ T cos ^ • • (?) 

Vertical = T sin (3 . . , (8) 

In practice, the angle ^ is determined by the conditions of 
the site, and if / be the distance from the pier to the anchor* 
age horizon ta Ily, and h the difFerence iti herght of the anchor* 
age £ and the top of the pier D«. 
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/8 is the angle whose tangent is 

where h is the vertical distance of the anchorage below the top 
of the pier, and / is the horizontal distance of the anchorage 
from the pier itself ; from which, the value of the above forces 
can be calculated; and thoughnot absolutely correct, they are 
quite near enough for all practical purposes in ordinary cases. 

If, however, a suitable site for the anchorage is not obtainable 
near the pier, so that the length D E becomes considerable, 
the rope assumes a curved form under the influence of its own 
weight acting on it uniformly throughout. Though this 
weight will seldom be sufficient to materially affect the strain on 
the rope, yet the curve assumed by the rope alters the direction 
of its action, the tendency being to increase the horizontal and 
decrease the vertical component, until, in an extreme case, the 
rope leaves the anchorage horizontally, when the vertical com- 
ponent becomes zero, and the horizontal component the whole 
tension of the rope* 

In such a case, a natural modification of the design is to util- 
ize the portions of the main ropes between the piers and the 
anchorage to carry an extension of the bridge roadway. The 
simplest case is that in which the bridge consists of one whole 
and two half spans. From the symmetry of such a 5gure it is 
clear that in this case the main ropes will leave the anchorage 
horizontally with a tension H, equal to that at the centre of 
the main span ; and as H is always less than T, it is worthy of 
note that the addition of the extra length of bridge roadway 
in no way adds to, but on the contrary diminishes^ the strain 
on these portions of the main ropes, and is consequently 
often an economical arrangement. 

§ 162. The anchorage of the ends of the main ropes may be 
effected in various ways. 

If solid rock be available in a suitable position, the 
ends of the ropes may be attached to iron stanchions let into and 
nxed into it by "leading/' (See page 184, § 153.) 
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Such iron stanchions will generally be fixed as nearly 
as possible at right angles to the line in which the ropes leave 
the anchorage, and the ropes will be attached to the stanchions 
as close to the rock as possible. 

The principal strain to which such a stanchion will be 
subjected will then be a shearing force T where the stanchion 
leaves the rock. 

The dimensions of the stanchion must be calculated to 
resist this strain. 

The shearing strain on a wrought-iron stanchion should 
not exceed 10,000 lbs. per square inch of section. 

Another method of anchoring the ropes^ is to fasten the 
ends of the longitudinal ropes tightly round a stout log laid 
borizontallyi and at right angles to the line on which the 
rope leaves the anchorage. This horizontal log is kept in 
position, by two or more inclined logs (in vertical planes) placed 
as shown in fig. 89, page 186. These in their turn are backed 
up with, or built into sufficient earthwork or masonry, to 
prevent any possibility of their moving forward under the strain. 
The scantling of the wood employed scarcely needs elaborate 
calculation, but should, of course, be roughly estimated with 
a liberal margin for safety. Logs of any strong and durable 
wood I foot in diameter will generally be ample. The shearing 
jstrain of English oak is 2*03 tons per square inch (Molesworth) 
and such a wood as Sissoo {Dalbergia Sissoo) is at least as strong 
as English oak. 

§ 163. The piers at the ends of a suspension bridge of 
the kind under consideration, will generally consist of a frame- 
work of wooden beams, made up of two vertical posts or stand* 
ards, joined together above and below by cross*pieces or 
transoms ; the roadway passing through the frame. 

The main ropes pass over the heads of the standards resting 
in cast-iron saddles, and it is a good thing to protect the whole 
head of the frame by a light wooden roof. The transoms are 
merely to strut the ends of the posts apart and keep them in 
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positioDi laterally. An iron tie rod in addition to the wooden tran- 
soms is an additional safeguard against any tendency of the tops 
of the posts to spread. These connections necessarily tend to add 
strength and rigidity to the whole structure ; but the dimensions 
of the standards should be calculated in each case, to resist the 
strains thrown on them by the ropes passing over their heads. 

The lower ends of the standards should be sunk into the 
groundi or built into masonry, so as to act as vertical canti- 
levers, supported at their lower ends, in resisting any tendency 
of the strains produced to thrust over or break them ; and their 
dimensions should be calculated accordingly. 

If, however, this is for any reason impossible, and the 
piers consist merely of wooden frames resting on a rock or 
masonry foundation ; then the tendency of the pier to fall over, in 
the direction of the resultant force acting on its head, must be 
resisted by ties or struts, or by actually attaching the main 
ropes to the heads of the piers where they pass over the sad. 
dies. But it must be remembered that the latter proceeding to 
some extent, falsifies the preceding calculation, as the ropes 
will no longer pass over the saddles as over pullies. 

In any case, it is always desirable so to design the bridge, 
as^to reduce the horizontal component of the resultant force 
acting on the head of a pier to a minimum ; and to let the pier be 
subject to a simple compressive vertical strain only, if possible. 
This will be attained by making the angles of depression of 
the rope on either side of the pier as nearly as possible equal. 

Considering the more usual case of piers acting as canti- 
levers, the following calculations show how to determine their 
required dimensions. 

§ 164. Calculations to dbtbrminb the dimensions op 

THE PIER STANDARDS.— The forces which cause the strains on 
a standard are the two equal forces T, T acting at the top of 
the pier along the lines on which the main rope leaves it ; and 
its own weight, which is relatively inconsiderable, and may be 

neglected. 

Vol. II. V « * a 



268 



BRIDGES. 



Fig 102. 
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higure 102 is a diagram to show the strains exerted at the head of a 
pier of a suspension bridge. 

The tension on the two portions of the longitudinal rope AB G is 
T. Arrows indicate the direction in which these forces act The 
full line below the broken line, which represents the longitudinal rope 
shows the direction of the tension on the rope where it leaves the head of 
the pier. G is the anchorage of the longitudinal rope, B C is the post over 
the head of which the rope passes. D B E t5 a horiaontal line through the 
head of the pier, a is the angle of depression of that portion of the rope 
which supports the roadway, where it leaves the top of the pier, and 
the QT^gle of depression of that part qf the rope which goes to the anchor^ 
^g^ of ^Ae bridge. 

In figure I02 B C is a standard (see § 163, pages 206, 20'') 
A B G the line of the main rope passing over it, G the anchor- 
age, D B E a horizontal line through B. 

D B A=a and E B G=s^ the angles of depression of the 
rope as it leaves the pier, in the direction of the bridge and 
anchorage respectively. 

Then the pier B C is under the action of two forces each 
equal to T acting along the lines B A and B G. 

Resolving these two forces into their vertical and horizontal 
components, we have the following forces acting at B 

a vertical force v=T sin « + T sin /8. 
a horizontal force h=T cos a — T cos /3: 

If the angles of depression a and /3 be equal, h vanishes, 
that is, there is no horizontal force acting on the pier, the pulls 
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in either direction exactly balancing one another, and the verti« 
cal force 0=2 T sin a. 
. But 

T = W ^ see « . . (4)§ 159, page 198. 

A V ^ 2 W -;r— tan fit 

16 y 

16 y X 2 

or each standard supports a direct vertical pressure equal to 
half the total weight of the bridge. 

This is, as stated at the end of the last article, a favourable 
state of things, and convenient from its simplicity ; it is not, 
however, always possible so to arrange the anchorage that the 
angles of depression of the main rope on either side of the pier 
shall be the same. 

If the angles a and |3 be not equal, then the resultant fcrce 
acting at B 



= Tv/2 {i —cos (a+/3) \ 



and acts along a line making an angle equal to half the differ- 

ence of the angles of depression, that is ^^ with the vertical. 

2 

It is, however, nearly always best to treat the components of 

such forces separately. 

Taking first the vertical component of the force acting on 
the pier, it is clear that this is a pressure producing a uniform 
compressive strain throughout the pier, the intensity p^ of which 
depends on its section. 

The horizontal component gives a bending moment tending 
to thrust over or break the pier, which is a cantilever supported 
at one end ; and the magnitude of this bending moment and the 
strains it produces, depend on the magnitude of the horizontal 
component, and the height and section of the pier; the greatest 
strains are produced at the bottom of the pier, and are tensile 
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on one side of the pier, and compressive on the otherj and of 
equal intensity. 

The pier being already subject to a considerable compres- 
sive strain, due to the vertical component, it is clear that the 
greatest strain produced by the combined action of the two 
components will be compressive. 

Let the maximum compressive strain produced by the hori* 
zontal component be ^h* 

Then the section of the standard must be such, that if p^ be 
the limiting intensity of strain permissible in the wood of which 
it is composed 

P\k + p^ must not exceed ^n. 

Let the section of the standard be / inches x b inches, 
being measured in the direction of the length of the bridge, that 
is, in the direction of the line of action of the horizontal com- 
ponent, and y inches its height. 

Then A = 3^ . . (,o) 

and by the principles of applied mechanics 

A = M^ . . (II) 

where M is the moment of the horizontal component force h 
about the base of the pier. 

X is half the diameter of the pier in the direction of action 

/ 

of tr, that is, X =^ 

and I is the moment of inertia of the section of the beam 

/ 

vy • 

fl Z. 2 ^ mam 

and here is =— therefore ^ ^^WT^^~^ • - (") 

12 

at that edge of the standard towards which the horizontal com- 
ponent acts. 

Expressing the forces v and h in pounds, and the dimensions 
h^ /, and y, in inches, p^ and p\ are in lbs. per square inch. 

And /h + Pj ^ p% the maximum intensity of strain, in lbs. 
per square inch, to which the wood of the standard is subjected 
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^ ia any part, and the dimensions p and k mnst be so selected 

that pg may not exceed p^; 

This can be done tentatively in two or three trials. Gen- 
erally speakingi / should be to i in about the proportion of 3 to 
2f but when the horizontal component is very small relatively 
^ to the vertical, a square or nearly square section is better. 

The dimensions of the transoms and tie bolts do not need 
elaborate calculation. In fact, theoretically , they are not subject 
to any strain at all under the conditions that have been assumed 
throughout these calculations, namely, that the main ropes are 
parallel. This, however, is not, as a rule, quite the case, as 
they are generally rather further apart at the ends of the bridge 
than at the centre. 

This deviation from parallelism is not sufficient to affect the 
correctness of the foregoing calculations appreciably, but may 
produce some lateral strain on the heads of the standards which 
is resisted by the transoms ana tie bolts. 

The lower transom of the pier frame is often prolonged some 
distance beyond the standards on either side, and the whole 
framework further stiffened and strengthened by the addition 
of outside struts from the ends of the 4ower transom to the 
standards near their heads. 

§ 165. Construction of roadway.— For an ordinary 
suspension bridge of this kind carrying a 4-foot roadway, the 
suspenders may be about 5 feet apart horizontally (see iig. 90, 
page ii6a). 

The suspenders are attached to the cross-pieces by suspend- 
ing hooks bolted through them. 

On the cross-pieces, and bolted to them, are laid a double 
line of stringers (longitudinal beams) at a distance apart^ about 
2 feet less than the width of the roadway, to carry the ends of 
the road planks, which are laid across and nailed to them. 

A light but strong and suitable railing must be added on 
each side to protect the traffic. 

The ends of the cross-pieces project about 2 feet beyond the 
sides of the roadway ; and short struts, from these to the uprights 
of the railing, support and strengthen them. 
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§ 166. Example of the method of calculating the 
dimensions of the various parts of a suspension 
BRIDGE. — A river is to be bridged on a hill road. It is decided 
from an inspection of the site, that the^ridge had better be a 
suspension bridge — convenient sites for the end piers exist 
i8o feet apart; 15 feet is fixed on as a suitable amount of dip 
for the main ropes ; solid rock exists on either bank, and it is 
decided to anchor the ropes to stanchions, leaded into the rock 
at points 20 feet behind the piers horizontally and 5 feet above 
the road level. 

The bridge roadway is to be 4 feet wide, made up of ij inch 
deodar planks, supported by 4 inches x 4 inches stringers 
laid on 5 inches X 4 inches cross-pieces, 5 feet apart; the cross- 
pieces being suspended at their ends by light wire ropes 
from the main ropes (also of iron wire) and carrying a light 
wooden railing. 

There being no difficulty in so arranging it, the level of the 
road is so adjusted that it just touches the loop of the main 
ropes at their lowest point. 

From the equation tan a •» — — (§ 159, page 198). 

X 

tan a = f ff'V = i = '3333 
From the table of natural functions in the Appendix I, pages 

^55i 256, we find 

a = 20*^ 

and from the equation tan 3 == — (§ 161, page 203^. 

tan73 = ^o = 4 = '5 
or /3 = 27° 

It is next necessary to determine the total weight W of the 
bridge and its load. 

This, as noted in § 159, page 198, consists of 5 principal 
items :— 

(i) The main ropes. 
(2) The suspenders. 



SIMPLE WIRE ROPE BRIDGES. 213 

(3) The roadway. 

(4) The ironwork. 

(5) The load. 

(3) The weight of the roadway and woodwork can be 
determined at once by simple calculation ; suppose this work 
out to 9,320 lbs. 

(4) The ironwork is similarly determined by simple calcula- 
tion ; suppose this to amount to 365 lbs. 

(5) The live load. A fair allowance for this is 40 lbs. per 
square foot or 1 80' x 4' x 40 lbs. s 28^800 lbs, for the whole 
bridge. 

To determine (i) and (2) it is first necessary to draw aR 
elevation of the bridge on a fairly large scale, and measure off 
the actual length of iron wire required for each main rope and 
suspender, allowance being made in the latter case for the 
attachments. 

This will be found to be about 185 feet each for the main 
ropes, and about 500 feet in all for the 35 pairs of suspenders 
with their attachments. 

A few minutes' rough calculation shows the weight carried 

by each pair of suspenders to be— 

lbs. 
Deodar wood about 6 cubic feet, at 40 lbs. per 

cubic foot «•,•••= 240 
and live load on an area of 5 feet x 4 feet 

= 20 square feet at 40 lbs. per square foot =s 800 
and say 10 lbs. for the wires themselves . =10 

Total . 1,050 

or 525 lbs. strain on each wire, 

A one inch iron wire, the thinnest given in the table in 
§ i59i P^c 202, will carry 650 lbs. safely. 

One inch wires may therefore be assumed for the suspend- 
ers, weighing *I4 pounds per running foot. 

It now remains only to determine the dimensions and weight 
of the main ropes. 
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The weight of the other 4 items i^**-* 

Suspenders. Roadway. Iroawork. Live load. 
70 + 9,320 + 365 + 28,80c 

*• 38,55s »>•• 

and the length of the main ropes is 185 ft. each or 370 ft. 
in all. 

Now, since the angle a is small, the tensions of th^ main 
ropes H and T are nearly equal, and the weight of th^ main 
ropes is but a small proportion of the whole load carried by 
them, 

and since H «? W ^ »= I W (Equation (3), page 200) 

because jv » 180 and y ^ 15 (see conditions given on page 
312, § 166), the strain on each of the main ropes will be about 
30,ooolb8. Referring to the table of weights and strengths of 
ropes (page 202) we see that this is about twice the strength of 
a 5'' iron wire rope. Let us try the effect of adopting a double 
line of 5*^ iron wire rope for each of the main ropes. 

Then the weight of this rope is— 

2 X 370 X 3*62 XIV 2,679 ^^^» 
adding this to the weights above found. 

W the whole weight of the suspension bridge + live load is 
equal to 

m 4K»834 lb0. 
and H k 30,925 lbs, 
and T = H Sec r » 30,925 x 1-064 « 33*904 lbs. 

The strain that can be safely supported by a double Uae of 
J*' wire rope— 

ss 2 M 16,249 w 32,480 IImu 

which is almost the same as the actual tension T. 

A double line of 5*" iron wire ropes may therefore be safely 
adopted for each of the main ropes* 
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Checking again the ^raln on the ^^enders ^s In the 
original calculations— see § 160, page ifoj formula (6). 

' a(n+i) 

W' ^ 38i55S tt =^ 35 
T. =-^1^- = 535lbs. 

which is well wlthhl the atreugth of ^ i*" rope. 

The anchorage being effected by atiacbment to stanchions 
kaded into the rocks, these stanchions are exposed to a 
shearing strain s T 

= 32,904 lbs. where the st^itichioii leaves the rock. 

The dimensions of the stanchion must be calculated to resist 
this strain. 

The shearmg strain for wrought Iron being Kihited to 
10,000 lbs. per square inch. 

The stanchions must have a section of not less than 

^ *" ^ sa 3*20 square inches. 

Wrought iron bars a^^ in diameter will be tfuitabkl . 

Strains on ihe Standards. 
The standards may be supposed to be vertical posts of Sissoo 
Dalbirgia Sissoo) wood sunk into the ground, and built up with 
masonry to the road level- 
To determine their required dimensions ; 
The forces causing strains on a pier are— see § i?}4| page 
207 et seg.'^Si vertical force zf s T sin a -f T sin j3 

- 3»>904 X •34^ + 3^19^4 + '454 

= 2&|f92 lbs» 

and a horizontal force A =a T cos a — T cos jS 

ar 3^,904 X ^940 — 32,904 X -891 

^ tfii2 lbs. 
acting at the fop of the post. 

The maximum working coitopre^srve strains to which Sissoo 
wood should be subjected is l,.ooo lbs. per square inch. 

AwmoM^ a: ftedioB of i2f X S"" for the post 
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The strain to which the beam is subjected owing to the 

.vertical force— «ee formula (io)| page 210— 

26,192 „ . , 

f^ = — -^— ^ 273 lbs. per square inch, 

and the maximum compressive srain to which is it subjected 
owing to the horizontal component—- see formula (i 1)1 page 21 o-- 

ph = 1,5" 
and the maximum strain to which the wood is subjected 

Pt ^ fh + P^ ^ 1,784 lbs. per square inchi 

which is too much; therefore 12*^ X 8'^ is not a sufficient 

section. 

Try a section of 15^^ x lo*' 

io this case/y = 175,/h ^ 774 and p^ ^ Pw ^ Ph+ 949 l^^s- 
per square inch, which is well within the limit. 

IS*" X 10'^ standards may tberefere be adopted. 

The remaining portions of the bridge do not require calcu^ 
lation. 

§ 167. The various forces acting on different portions of 
the bridge may be determined graphically as follows : 

Let A be the head of a post, .A B. A portion of pier AB 
as far as J only is shown in the figure. 

Through A draw the horizontal line CAD. 

Draw the lines AE, AF making the angles « and /3 with AQ 
and AD respectively. In the case uqder consideration these 
are 20® and 27^ 

Fig. 103. 




Figure JOS is a diagram ioshon.fum the gtrains on th$ different farts of 
a suspension bridge may he determined graphically. The construction of 
figures is fully described in the letterpress. (Scale 20,000 lbs. - / inch.) 
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W 

On A J set off A G=: — (one quarter of the weight of the 

4 
bridge) on any convenient scale. 

Draw GE horizontally to meet AE in E. 

Make AF = AE and complete the parallelogram EAFH. 

Draw HJ and FK perpendicular to AJ (AG produced). 

W 

' Then AG= — = in this example • . 10,308 lbs. 

4 
Then by direct measurement we find 

that EG =i H, the horizontal strain on 

main rope at centre of span , . = 30,925 „ 

AE as Ty the strain at the top of a 
pier . • • • • • = 3^i9^4 a 

AF 8 AE = T ss tension of backstay = 32^904 ,, 

AH = the resultant force on the top of 
a pier • • • • • = 26,252 ,j 

AJ and HJ on the vertical and horizon- 
tal component of that force • • =3 26, 192. and 

i,6i2lbs. respectively. 

FK and KA are the horizontal and ver- 
tical components of the pull on the 
anchorage • • • • • =s 29,318 and 

141938 respectively. 

SECTION VI.— THE CANTILEVER BRIDGE. 

§ 168- A cantilever bridge resembles a suspension bridge 
in so far as it requires no intermediate supports ; and that its 
construction is consequently quite independent of the nature of 
the obstacle to be crossed. Bridges built on this principle can 
be constructed of very large spans, if made of sufficiently 
strong materials ; but the consideration of such structures is far 
beyond the scope of this work. The bridge essentially con- 
sists of two counterpoised or weighted arms, built out from 
cither side of the obstacle to be crossed. The longitudinal 
beams which carry the central portion of the roadway of the 
bridge, rest on the free ends of these arms, and aw supported 
by them. 
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Figure 104, which rcpw^ents a cantilever bridge over the 
Beas river in Kulu, North-We$t Himalayas, shows very clearly 
the construction of the two counterpoised arms which support 
the central portion of the roadway of the bridge itself. The differ- 
ent beams are built out of either abutment to form an arm, on 
the free end of which longitudinal beams, which support the 
central span rest, are rigidly connected one with the other. 
They form, for all practical purposes, one beafh, the centre of 
gravity of which is on the abutment side of the geome* 
trical centre of the system of beams which form the arm. 
The portions of the stone abutments which rest on the 
ends of the beams embedded in them constitute the coun- 
terpoise, which enables their free ends to support the weight of 
the central portion of the roadway. The total length of the 
bridge measured from the face of one abutment to the face of the 
other is 150 ft., the central span, supported on the free ends of 
the arms built out from the abutments being about 64 ft. long. 
The longitudinal beams which carry the central span were not 
quite strong enough to bear the working strain to wbieh they 
wevc submitted, and have, in consequence, sagged in the middle. 
They could have been strengthened without maierially adding to 
their weight by the addition of iron rods as described in § 
la^i page i$z. 

Each longitudinal beam consists of three sections, one sec* 
tion stretches from the end of one abutment (see fig.' 104^ page 
ai8) to one of the ends of the counterpoised arm« The 
second^ the centra] portion, rests on the free ends of the counter- 
poised arms ; while the third section connects the free end of the 
other counterpoised arm to the further abutment. In the figure 
the two end sections of the main longitudinal beams are sup- 
ported at their centres, by posts resting on the top beams of 
the counterpoised arms, and are in this way very materially 
strengthened and stiffened* 

As is often the case in the hill streams which have to be 
bridged in India, the bank of the stream on one side of the bridge 
is much higher than that on the other ; and an abutment has 
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been constructed on the lower bank so as to make the roadway 
of the bridge horizontal. In the bridge shown in fig. 104 this 
abutment was not made quite high enough, and the roadway of 
the bridge is in consequence not quite horizontali but slopes 
towards the side on which the high abutment has been con- 
structed. 

The abutments of such bridges, in the lower ranges of 
the Himalayas, are constructed of dry rubble strengthened 
by wooden frames placed horizontallyi at regular intervals from 
each other. The foundations and lower parts of the abutment? 
are made of the largest blocks of stone that can be brought on 
to the site of the bridge. Abutments thus constructed have been 
found to stand where masonry foundations (small stones set in 
lime mortar) have been carried away by the force of the stream 
in flood. The faces of the abutment are battered on all sides, 
so as to increase the area of the base, and in so doing to add 
to its strength. 

The gradient of the approach to the bridge from the lower 
bank of the river is steep, but can be made more gentle by 
lengthening the abutment itself. 

The cantilever system of bridge is very useful when the 
obstacle to be crossed is too wide to allow of a single or trussed 
beam being used, and where the obstacle to be crossed is of 
such a nature as to preclude the use of any intermediate 
support No scaffolding is required for its construction ; the 
bridge may be built out from either side of the obstacle to be 
crossed at the same time. 

Cantilever bridges are more suitable than suspension 
bridges, in localities which are far removed from civilized 
towns ; because they can be constructed without the use of 
wire ropes. Rough cantilever bridges are commonly con- 
structed entirely of wood and stone by the hill tribes of the 
Himalayas, in order to allow of the mountain torrents being 
crossed at all times of the year. Where a large boulder exists 
in the centre of the stream, the bridges are not infrequently 
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of two spans, a central pier being placed on the large rock in 
the middle of the stream. 

Cantilever bridges can be constructed of much larger spans 
than it is possible to build bridges supported on beams as de- 
scribed in section IV (pages 120 to i8o). 

They have a further advantage over bridges supported on 
beams, which are strengthened by the addition of a truss below ; 
in that they afford a much larger waterway for the stream 
and there is consequently much less danger of their being 
carried away in an exceptionally high flood. 

§ 169. Bridges of a temporary nature may be constructed on 
the cantilever principle, in order to facilitate the export of forest 
produce, or to open up communications. Figures 105 and 106 
show in plan and sectional elevation a temporary bridge of this 
nature constructed by Forest Ranger Rama Dutt over the Tons 
river in December 18931 opposite to the Kuni Gadh, about 3 
miles above Thadi&r. A temporary bridge was necessary at this 
point, in order to allow of the river being crossed 'for the pur- 
pose of inspecting the felling works, which were going on in 
the Chir Forests on the right bank of the river, as the nearest 
permanent bridge across the river was 3 miles lower down the 
stream. 

The wood required for the construction of the bridge was 
obtained by felling some cAtr pine trees {Pinus longtfolia) which 
grew near at hand. The main longitudinal beams were made 
out of stems of Chir pine, which were nearly cylindrical, and 
about 3 feet in girth. A very light roadway of the bridge was 
made of \ inch planks of deodar, about 6 inches wide, 3 feet 
long. The bridge crosses the main stream of the Tons at its 
cold weather level, the abutments being built sufficiently high 
to allow of the passage of the water. The roadway is only 
3 or 4 feet above the cold weather level of the water. 

The counterpoised arms are made of two Chir pine poles 

and the counterpoise itself consists of large boulders brought 

from a short distance. 
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Figure lOg is t itetianal elevation of a small Umporary eantUtvtr 
bridge thrown over ikt Tons rivtr, about 3 miles above Tkadidr. Tht -aall 
plates undtr the arms (b, b) in the abutments have been omitted {Jaunsar 
Forest Division). 

Figure 106 is a plan cf the tame. The planting has been left out 
on the left-hand sidt of the bridge, to skov howihe bridge timbers are ar- 
ranged, and horn the tounterpoite {vhieh is in this case large bouldtrs) 
is placed on ike arms supporting the longitudinal beams which carry tht 
roadway. 

a, a are the longitudinal beams : b, b the arms : c, c the cross pieces 
OH which the longitudinal beams rest : t tht planking of the roadway of the 
bridge I g, g planks leading from the abutments to the bridge proper ; 
h, h, the stones which form ike counltrpoise. {Seals lafeei =. i inch.) 

The bridge is only meant for use during the cold weather, 
and will be removed before the river rises owing to the melting 
of the snows. It cost Sao only to erect. 
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§170. Principles of Construction.— In the cantilever 

form of bridge, beams are built out from either side of the 
obstacle to be crossed, until the space left between the free 
ends^ of these systems of beams is sufficiently small, to allow 
of its being spanned by single, simple or trussed beams. The 
beams of which the arms (which are built out from the sides 
of the obstacle to be crossed) are composed are securely 
fastened to each other; and may be considered, for all prac* 
tical purposes, as compound beams. The system of beams 
which make up an arm is counter poised^ i.e.^ weighted at one 
end, so as to allow of the longitudinal beams which carry the 
central portion of the roadway of the bridge, as well as the 
roadway itself, being supported; in a position of rest, on 
the projecting ends of the two arms which are built out of the 
abutments, or the sides of the obstacle to be spanned. 

The actual amount of the weight, which can be supported 
by the systems of counterpoised beams of which the arms 
are composed, depends upon— 

(1) the distance (measured horizontally) which the arms 

project beyond the face of the abutments, 

(2) the amount of the weight of the counterpoise added 

and the distance of its centre of gravity from 
the outer face of the abutment, 

(3) the size of the beams used and their transverse 

strength. 

The farther removed the centre of gravity of the counterpoise 
is from the face of the abutment, the greater will be the 
weight which the free ends of the arms can support. 

The greater the horizontal distance between the free ends of 
the arms, which are built out from the abutments, and support 
the longitudinal beams of the bridge, and the heavier the 
roadway, the greater will be the bending moment on the 
arms which project from the abutments and support the central 
portions of the bridge. 

Those portions of the abutments upon which the counter* 
poised arms rest, must be very strongly and solidly built, and 
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must rest on the most stable foundations that the nature of 
the ground will allow of. It is essential that the portion of the 
abutments upon which the cantilever arms actually rest, is suffi- 
ciently strong to bear the pressure which it has to support, 
without yielding; as, if these portions of the abutments are too 
weak, the whole bridge will fail. 

If the abutments are properly constructed, the force which 
will be necessary to displace the counterpoise, would be much 
greater than that which would rupture the beams of which the 
projecting arms are composed. 

The question of the best proportions between the different 
parts of a cantilever bridge are discussed in the next paragraph. 

§ 171. Conditions of Equilibrium.— The central beam 
and the two cantilever arms which support it, should be so 
designed, that each beam in the bridge will be subjected to the 
same greatest bending moment, if all the beams are of the same 
sectional area. If the scantlings used in the construction 
of the central beam and its two cantilever supports are of 
different sectional areas, the several parts should be constructed, 
so that each beam is subjected to a straining action proportional 
to its strength. 

The amount of weight which each beam will have to 
carry depends upon its sectional area and the distance beiween 
the points at which it is supported. 

The number of individual beams by which the cen^ral 
portion of the roadway (A C B, fig. 107) is supported may, 
or may not be equal to the number of beams in each of th^ 
cantilevers DA, BE. 

Let Ng = the number of beams which support the central 
portion of the roadway ACB ; 

and N^ = the number of beams in each of the cantilevers 
DA, BE; 

and assume that all the beams used are of same scantling. 

Let L = the total span of the bridge in feet ; 
U = the length of the central beam ; 
I = the length of each of the cantilever supports 
then L == L' + a /. 
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Let C be the centre oE the span. 
Fig. 107. 



parts of a cantilever bridge, for the determination of the best proportion 
bePween the length of the central beam AC 3 and its cantilever supports 
AD', BE'. The central beams ACB rest on the ends of the cantilevers AD 
and BE'. The lateral beams BE, AD rest, partly on the free ends of the 
cantilevers, and partly on the abutments. n.p., w.p. are ■aall plates. 
There are ff, central beasts, and N^ lateral beams- Lis the total spanofthe 
bridge, and 1 the length of the lateral beams. C is the centre of the span 
and W is the load to be supported. 

First let W = the total load to be supported and assume that 
it is a concentrated load. 

When it is at tbe centre of the span, the maximum bending 
moment on the portion A B will be at C, and the moment 
at C will be 



that is, tbe amount of the bending moment on each beam 
(there are N, of them) will be 
W 



when the load W has shifted to A. 
Tbe total maximum bending moment at D, 
Md = W X / 
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or the total maximum bending moment on each beam of the 
cantilever is 

W X / 

Then, for equality of bending moments of each individual beam 
in the central portion and in the cantilevers 

W W ^ 



or dividing by W 

L— a / _/_ 

4 N, - N, 

put JJ; . K 

then /-— (L— ft/). 

H K a 1 then / « ii=lA' or / == A 

.4 o 

If K =a I then / = f ( L— 2/) or f *= '^ 

If K » 4 then / = -~ or / = — ^ 

^3 5 

that is to say, if the number of beams in each cantilever are 

equal to the number of beams which support the central portion 

of the span, the length of each cantilever should be ^ of the 

span and the length of the central portion | of the span, 

tf there are 3 beams in each cantilever and only 2 beams 
supporting the central portion of the roadway, then the length 
of each cantilever should be -^^ of the span and the central 
portion f of the span. , 

If there are 4 beams in each cantilever and only 3 beams 
supporting the central portion of the span, then the length of 
each cantilever should be } of the span and that of the central 
portion f of the span, and so on. 

Next, suppose that the weight carried by the bridge is 
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uniformly distributed, the amount of it being w per foot run, 
then the total bending moment at c, 

or the maximum bending moment on each beam supporting th« 
central portion of the roadway (there are N, of these) 

The total bending moment at A, 

M. = {i wl + k ^(L — 2/)}/ 

or the total bending moment on each beam in the cantilevers 
(there are Nj of these) 

Then for equality of bending moments of each individual 
beam we have 

N 
put |J SI K and divide by w, then 

4 

If K » I we get (L — 2/)» « 4/ (L — /) 

or (L— 4/)» « 8/» 
or L — 4/ =c 3/ y/^ 

h L 



or 



or / 8s 



3 (3 + \/ 3) 6-b2tf 
If K = I we get ^ ^^ ~ ^^' = / (L - /) 

or 3 (L« ~ 4/L + 4/*) « 8/ L — 8/« 

- , ao/ L . 20 ,, 
or L* — + — ' /» as 0, 

3 3 
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Solving this equation we find (taking the + sign) 

L 



that ; = 



5441 



If K = I we get f lL=if)i= / (L-/) 

4 

or L» — 4^ L + 4^* = 3^ L — 3/* 
or L" — 7^ L + jP = o. 
Solving this equation we find, taking the + sign, that 

or / = 

5791 

assuming half the load concentrated and half distributed, the 

I 
proportion of -y— should be made midway between the two 

sets of values just found. 

§ 172. In the above considerations we have assumed that 
all the beams used in the construction of the central portion of 
the span, and also of the cantilever arms, are of the same scant- 
ling. But in practice the largest beams are used for the central 
portion of the span, while beams of smaller size are used in the 
construction of the cantilever arms AD', BE' ; and if this be the 
case, the relation between I and L, the length of the overhang 
of the cantilever, and the total length of the unsupported central 
portion of the span, will not be that shown in § 171, but 
will vary with the difference in size of the beams used, as is 
shown in the following equation. 

As before, let I = the overhang of the cantilever^ suitable 
for a section, equal to that of the beams in the central portion of 
the span (breadth b inches and depth d inches). 

and li the overhang of the cantilever when the section of 
the beams used in its construction are a breadth of b^ inches 
and a depth of di inches, 
then 

'j_ = Ml' 
I b d* 

§ 173. The cantilever arms may be fortified by being under 
supported, as shown in Fig. 108. In such a case the lengths 



denoted by L 
measured as sh( 
cantilever may 
The ratio of 
less than / and / 




T?i^ wbjoLe of 'QitM'htai 



Fig* 1 08 ts an elevation 
show how the cantilever { 
as in Fig, io^, denoted I 
rests on the series of beatf^ 
0/ beams b, which simiu 
carries the roadway is st^ 
Series of beams a, h, c* wfi 
h h h hy etc^ are waU'plati 

§ 174. In the fon 

in each of the tiers 

made up is equal. 
Vol. II. 
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The structure will be made much stronger if the number of 
beams in each tier is increased by one as we descend. Thus 
if there are 3 beams in the top tier (r, Fig* 108), there should be 
4 beams in the second row (3, Fig. 108), 5 beams in the third row 
[a, Fig. 108), and so on. If this procedurebe followed, the strain 
on the lower members of the cantilever arms will be less 
(supposing the beams used to be of one and the same scantling) ; 
and the area of pressure on the abutment will be greater, and 
consequently the pressure per unit of area will be proportion- 
ately less. 

If the number of beams in each tier of the cantilever arm 
be increased as suggested, the amount of overhang of each tier 
may be /, and not decreased, as would be necessary were the 
number of beams in each tier the same, 

SECTION VII.— MASONRY BRIDGES AND CULVERTS. 

§ 175, The various forms of arch employed for stone** 
work and brick- work bridges have been mentioned in Volume I, 
Part II, Section III, page 181, et seq. 

Masonry bridges should be constructed only where unyie Id- 
ing foundation beds can be obtained. In cases where a serious 
amount of uneven settlement may occur, a girder bridge is 
preferable; settlement may cause crocks in an arch, and en- 
danger its stability; whereas a girder can subside to some 
extenti without any serious decrease in its strength or utility, 
and remedial measures can generally be easily appUe4t 

§ 176, Ccn^STRucTioN OP AN Arc»-ring in Brickwork,--? 

The arch is commonly built up in concentric half -brick rings, 
that is, bricks are laid as stretchers to the intrados surface^ 
the number of the successive ringi^ depends upon the span 
and the load on the arch ; the radial joints in the stuxses* 
sive rings only coincide occasionally, and the praxrtice is some- 
tiroes adopted of inserting, at the place of coincidence, a header 
brick which will tie the two. courses together. Unless the 
arch is built with the greatest care, using strong bricks and 
{p^kinp^ thin and ^ell-filled mortaf joifits in cement, the utility 
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ti these bonding bricks Ib cmoertaini as they are generally 
found to be broken when an arch is taken down. 

An arch may <al90 be \m\lt with the bricks laid as headers 
and stretchers to the intrados ; on the vertical face of the 
arch^ring they also appear as alternately headers and stret- 
chers. In this form of arch-rimg, the radial side joints of the 
bricks are continaoas; and consequently in arches of small 
radittSi built with pacaliel-sided bricks, the extrados will show 
a wide open joint which should be well packed with mortar and 
pieces of slate. This is seldom properly executed, and, conse- 
quently^ Che concentric half^brick rings ^are commonly built 
with parallel-sided bricks for 1^ radius of 8 feet and upwards. 
For the best work in arches of less tiian 10 feet radius, and tot 
ordinary work of less than 4 feet radius, specially moulded 
rstdial bricks should be used, or ordinary bricks with their 
sides roughly chopped radial with the bricklayer's axe ; these 
are termed r$ugh arches, to distinguish them from the plain 
arches built with rectangular bricks. 

In the roughest brickwork, ordinary bricks are built in 
ar(^-rings of 3 feet radius, bat sudi work is not strong. Tak^ 
ing the distance between centres of mortar joints at 3 inches 
in ordinary brickwork the increase in width of joint at the 
extrados, over that at the intrados in a half-brick ring is, for 
3 feet radius 0*38 inches, for 4 feet radius 0*30 inches, for 6 
feet radius 0*19 iochesy and for 10 feet, radius o*ti inches 
approximately. 

In stonework, the arch stones are either roughly chopped 
or chiselled to shape, with radial sides at right angles to the 
intrados ; if practicable, one stone should penetrate completely 
through the arcfa*ring from intrados to extrados ; if it is neces- 
sary to «se more than t>ne stone in each voussoir (or arch-stone) 
the joints rn each successive voussoir should alternate. In 
better work the contact faces of the voussoirs are dressed 
true to radial shape, so that the stones of the arch^ring are 
fitted together closely, with thin well-filled mortar joints of 
uniform thickness. The keystone is generally rammed down 

Vol, II. ^ « a 
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inta place by mallets, to tighten tip and make compact the joints 
in the arch-ring on either side. There is no advantage, except 
in appearance, gained by making the keystone project below 
the intrados. 

For spans up to 30 feet, bricks make ustially stronger arches 
than ordinary rough cut stone blocks; but if each voussoir block 
is cut accurately to shape in a hard, tough stone, the arch will 
be stronger but more costly. Bridges built mainly of stone 
blocks may have a brick arch-ring, to save expense of accurately, 
shaped voussoirs. 

Where cut-stone or bricks are not available, solid concrete 
arches may be built. The span of a concrete arch need not 
necessarily be less than one in brick or stone ; and for forest 
work limited to short spans, concrete can be used freely, but 
special precautions must be taken to secure good materials, 
thorough mixing in proper proportions, and careful deposition 
of the concrete, to form a dense compact mass in the arch-ring 
and abutments.* 

The arch-ring should be built up rapidly and evenly from each 
skewback; while being built it rests on a rigid centering or 
frame-work. As soon as the arch is completed and the mortar 
has begun to set, the supporting centering should be lowered 
uniformly to a very small extent, without shocks causing any 
disturbance of the masonry, and this slight lowering is repeat- 
ed at short intervals of days, according to the setting of the 
mortar, until the arch carries itself, and no longer rests on the 
centering ; the object being to allow the stones or' bricks in the 
arch to settle down gradually to firm bearing surfaces in the 
joints. 

If the arch is built of finely^lressed stones with thin well- 
filled cement joints, the centering may t)e slackened down 
shortly after the completion of the arch; but with common 
stone or brick arches with coarse mortar joints made with 
ordinary' lime, the slackening should be delayed till the mortar 

* For further information on the subject of mixing concrete and the qoalitiet 
of lime and cement, see ** Lime and Cement," by A. H. Heath, A.M.I.C.E, 
(London^ £. and N. Spon.) 
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is beginning to set, and then carried out graduallyi the complete 
removal of the support being delayed till the mortar has set hard. 

In the case of an arch carrying an earthen bank> the cen* 
tering shoyld not be finally removed until the newly deposited 
earth has settled down into a fairly compact mass. 

The springing line of the arch should be from 6 to 8 feet 
above flood level in a navigable, and 2 to 3 feet above, for a non- 
navigable, running stream ; over non-flowing water it may be at 
water-level or even a little below. 

Rise in segmental arches, — For spans not more than 15 
feet, a rise of ^th the span should be given, while for spans more 
than 30 feet a rise of Jth the span is allowable. For spans 
intermediate to theise a rise between these limits should be 
given. In ordinary cases, arches of from 30 to 40 feet span are 
recommended in preference to larger arches, as they are com- 
paratively cheaper, are more easily constructed, require less 
elaborate and expensive centreings, and standard patterns can 
be followed. 

§ 177. Thickness of the arch-ring.— Formulae for the 
calculation of stresses on an arch-ring and for determining the 
location of the line of least resistance, are given by Rankine and 
other authorities on the theory of the arch ; and are discussed in 
Professor I. O. Baker's book,* *• A Treatise on Masonry Con- 
struction f but, as there stated, the . best theory is only an 
approximation, and the stability of an arch does not at present 
admit of exact mathematical solution, but is to some extent an 
indeterminate problem. The stability of an arch depends upon 
(1) the condition of the loading (both live and dead load) ; (2) 
the bonding of the masonry, the mortar used, the quality of 
the materials, and the workmanship; (3) the manner of con- 
structing and of striking the centering j (4) the stability of the 
abutments and the uniform rigidity of their foundation. 

In forest works, the building of arches is generally confined 
to small spans and single arches, and the masonry will not be 

* " A Treatise on Masonry Constnielibn," by Profosior I. O. Baker, C. E. 
(John WUey and Sons, New York*) 
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snperior to the ordiiiary dass ; it la iiierefore deemed inadvis- 
able to enter isto the theory of the stability of arcbesi and only 
to give some empirical ioixaakt for ascertataing the depth of an 
arch-riagi the thickness of an abutraeat and of a wing^vall. 

Trautwine's formula for the depth of an arch at the crown, 
is for first <:Iass cut-stone arch 



y 



r + s 



a 



d = T + 0*20 

4 

where d= depth at crown in feet, 

rss radius of curvature of intrados in feet, 

8 stiie span in feet 

For second class work add to this depth one-eigfath| and for 
brickwork or rubble masonry, add about one-third. 

Rankine^has given the following formula for the thickness 
of an arch at its crown :— - 

For a single arch E = ^ o-i2 x r feet. 
For an arch of a series E = -• 0*17 x r feet. 
Where r m radius of curvature of the intrados (see Volume 
Ii § I44f P%^ 1^0 ^^ thearchi and £ as required thickaess of the 

arch at the crown, r can be ascertained from the formula, ^ 

where v' is the rise and s' the half span* These formulas were 
deduced from dimensions of good existing examples of arches. 

Those formulaef aipply where Uie ground is very €nn and 
safe. In soft and slippery materials the thickness ranges from 
one and a half to twice that given in the above fomusbe, that is, 
■from y 0*27 T to V 048 r. 

The following table taken from Molesworth's Pocket Book 
of Engineering formulae shows the thickness required at the 
crown of arches of radii of from 2—15 feet, 

* Madras Chril BBfttiaefHig Col!c£:e .pigpen, P«rt IiI,|MLg8 173. 
t Rankine, A Manual of CiyU Engineerifg, 16th edition, page 435. 
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Segmental arches may be given a depth at the crown of 
from ^ to yV of the span, or from ^ to ^ of the radius of the 
intrados. These praportions are derived from approved ex. 

amples. 

The pressure on an arch increases from the 'crown to the 
springing surface, and the depth of the areh-ring at the spring- 
ing is commonly made ij to i^ times that at the crown, 
though for small arches, say 30 feet span and under, the 
greater depth is maintained throughout. An empirical formula 
states that the length, measured radially, of each joint between 
the joint of rupture (or springing) and the crowa should be such 
that its vertical projection is equal to the depth of the key- 
stone, or : /=rf sec. L ; where /as:length of the joint, d the 
depth at the grown, and I^ the angle the joint makes with the 

vertical. 

For circular and segmental arches, v being the rise of the 

^rcfr in feet and * the span*— 

if — = i then I s= a-oo d 

• Masonry ConBttuctloo, by PTofetsor I.Q. Baker, C.B: ( John Wiley »»4 
^09, New York.) 
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H— = \ then / = i-34rf 

S 

if -^ = tV then!/ « 1-15^ 
if — = JL then / a» i"io<f 

Empirical formulae are founded on successful practice of 
widely varying character and differing conditions, consequently^ 
the results given by different formulae may not agree closely • 
the use of these formulae does not absolve the bridge designer 
and builder from the exercise of his judgment and discretion. 

§r78. Abutments to bridges, where the roadway over 
the arch is approached by an artificial earthen bank, may be 
built as a rectangular mass of masonry, the longer side parallel 
'to the over roadway; the rectangular mass is generally built 
up of thick outer walls, tied together by thinner transverse 
and longitudinal parallel walls ; thus spaces or pockets are 
formed which may be filled with sand, gravel, broken stone, 
or weak concrete. This form of abutment is generally built 
for bridges of wide span and low rise of arch, requiring heavy 
and strong abutments. 

A second form of abutment is commonly used when the 
arch crosses a deep ravine, or eroded water-course with high 
permanent banks; the foundations of the abutments may be 
seated some depth below the eroded surface and, consequently^ 
still deeper below the surface of the adjacent non-eroded ground. 
A similar case occurs when a road or railway bridge is carried 
over a cutting with sloping sides. 

The abutment may then be built U-shaped in plan, with 
return walls parallel to the axis of the over roadway, and these 
walls may be built with foundation beds stepped up the solid 
ground of the sloped bank of the ravine. In building these U-plan 
abutments, the face wall of the abutment is either built solid in 
graduated thicknesS| or may consist of a thinner face wall, 2\ 
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to 2\ ^^^^ thick, strengthened by buttresses. In building the 
return wing walls parallel to the axis of the over roadway the 
pressure of the earth between the walls is less than normal, 
as the walls are not far apart, and a selected, dry, compact 
material is used for filling ; but the efiFect of the moving load 
and the consequent vibrations must be counteracted, and it is 
usual to build the walls of full dimensions as retaining walls. 
The returned walls must be well bonded into the abutment, and 
the included angle between each side wall and the back of 
the abutment should be filled up in solid well-bonded brickwork 
for a distance of about 2i to 3 feet in each direction from -the 
imaginary inter-section. Specially moulded bricks are used 
where the angle filling is bonded into the back of the abutment 
and wing wall ; they are placed with the longer limb alternating 
in position. In cases where the thorough bonding and filling 
of the angle have been omitted, cracks in the brickwork 
have developed, separating the returned wing walls from the 
abutment 

A third form, of abutment is built, when the greater part of 
its height is above natural ground surface, and when the 
earthen slopes of the over roadway must not encroach upon 
the passage-way beneath the arch. In this case, eaph earthen 
slope is upheld by a wing wall, commonly built as a straight 
battered wall gradually receding from the line of the face of the 
abutment ; they are termed splayed wing walls. Sometimes 
these walls end before the toe of the slope is reached, at say 3 to 
4 feet height of slope, and are terminated by a square newel, 
the earth of the slope then comes round the newel and in front 
of the end of the wing wall as a portion of a cone. For a 
bridge over a stream, the wing walls should be carried to the 
extreme limit of the toe of the slope of the overbank, and the 
angle of splay receding from the line of the abutment face, 
may be between lo** and 12°. For a wing wall, where there is 
no water-course, the angle of spUy is commonly between 20® and 
30^ ; the greater the angle the longer is the wall and the heavier 
is the lateral pressure. Splayed wing walls are commonly 
built with their tops inclined, parallel to, or agreeing with, the 
surface of the slope of the earthen bank ; or they may be stepped 

at regular intervals, conforming to the slope. 

21 
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Abutments and wing walls are commonly built with off»setted 
backs^ the weight of the earth resting on the off-sets, tending to 
increase the ' resistance to lateral thrust. Similarly in rubble 
masonry, long stones may be built to project beyond the back 
of the walU Ample drainage of the earth at the back of the 
wall must be provided by weep-holes through the walls ; these 
are either gaps 3 to 4 inches wide left in the course of masonry 
or are drain-pipes built in, one to every 3 or 4 square yards of 
face of wall 

At the back of the wall, a small mass of puddled clay ts 
sometimes placed to lead percolating water to the weep-hole 
or a vertical backing of coarse gravel or of broken^ stone, one to 
two feet thick, is formed next to the wall when the earth of 
the embankment is clayey and retentive of moisture. Clay 
should not be used as a backing to an abutmeu't or to a wing 
wall, and in cases where the approach embankment must neces* 
sarily be made of clayi it is advisable that the top of the clay 
bank should not extend nearer to the back of the abutment than 
twice the height of the abutment above the solid ground. The 
backing to the abutment should be of the best procurable 
material^ dry, compact, and unalterable by wetness or exposure ; 
broken stone, broken brick, gravel and gravelly soik are suit- 
able ; and where special precautions are necessary the material 
should be deposited in la-inch layers, well rammed and sloping 
downwards away from the abutment. 

An abutment to an arched bridge is commonly built with 
a vertical face ; sometimes a batter of i in 10 to 1 in 8 is given. 
The thickness of an abutment at any horizontal plane depends 
upon the lateral thrust of the loaded segn^ntal arch, and the 
height above the ground ; the loaded earthen bank supported 
by the back of Uie abutment may also require consideration. In- 
crease in thickness to a vertical-faced masonry abutment is given 
by offsets at the back ; a common proportion is 4I inches to 6 
inches added for every 6 feet in height^ or in stonework 6 inches 
in every 10 feet. In concrete a batter of about 1 in 8 may be 
given. 

§ 179. Various methods of asccSrtaitiing the thickness of the 
abutments at the springing are given in Professor Baker's 
treatise on masonry constriction (see footnote on page 235} 
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but for forest work, where the bridges ^e of small span and sizei 
empirical formula for the di(Qensions will probably suffice. 

Trautwioe's empirical formula for the thickness of the abut- 
ment at the springing (0 is for all arches. 

i^{p'9 r +o'i V+ 3*0 iq feet) where r is the radius, and v the 
rise of the arch in feet. 

For rough rubble abutments add $ inches to the thickness 
given by this formula* 

For small bridges, and large culverts beneath railroads and 
subjected to jarring vibration^ abutments are, in many cases, 
built one^fourth to one^half thicker than given by the above 
formula. 

The abutments of a single arch have to sustain the thrust 
of the half-arch which rests on it, unbalanced by the counter* 
thrust of any adjoining semi-arch, and must, in consequence, 
be thicker than the piers. An empirical rule for the thickness 
of the abutments at the springing, is one*fourth of the span for 
arches up to 30 feet, ^nd ^th span for larger arches* 

The vertical sectional area di an abutment for a segmental 
arch may be designed as follows x-^ 

Fig. 109. 




Pigurt log illustrates the process of designing the vertical sectional 
area of an abutment for a segmental arch. The span o o is 75 feet. The 
rise a d is 2^ feet. The thickness of the arch-ring a b u 2 feet, o n laid off 
horigontally is S'sfeet, neat right angles to on is 7*25 feet, e g is 7I 
ncheSt o k is vertical, the direction of n I is obtained by joining the points 
g and n, and producing the line thus obtained, {Scale Zfeet = / inch,) 

3 12 
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Calculate the thickness of the abutment at the springing {t) 
by the formula given on page 239, and lay off that distance 
n horizontally, from the springing line of the arch-ring ; ver- 
tically above n set out n e, equal to half the rise of the arch. 
From e lay off horizontally e g one-twenty-fourth of the span. 
Then the Wnt g n prolonged downwards will give the outline 
of the back of the abutment, whether stepped or battered, 
taking care that the thickness or width at base k lis not less 
than two-thirds of i ^ (the height of the abutment from the top 
of the footing-courses to the springing line). 

The upper surface of the backing to the haunch of the arch 
may be obtained by drawing a line from g tangential to the 
extrados ; or by finding an arc of a circle which will pass 
through gf b, and g* on the left abutment corresponding to g. 

Another rule for /, the thickness of the abutment at the 
springing of the arch^ is given as 

/=H-o'04(5J+4A) 
where k is the distance from the springing line to the top of 
the foundation courses and s is the span. 

Sometimes the height of the point e is three-quarters of the 
rise of the arch above the springing for a semi-circular arch. 

Another rule is to draw the surface of the haunch backing 
tangential to the extrados, and at an angle of about 20^ to 
the horizontal, or with a slope of 2} horizontal to i with 
the vertical* The backing is sometimes extended to cover the 
whole of a seminrircular arch and its thickness over the crown 
may be from 6 to 9 inches* 

§ 180. The semi-circular arch-ring requires more backing 
to the haunches than the segmental arch. This backing is often 
built solid, in horizontal courses for the flatter segmental arches, 
the profile of its surface transversely to the axis of the roadway 
above, being two or more reversed slopes, or W^pattern, to 
facilitate the diversion of percolating water from the brick-work 
purface; and 3 to 4 inch pipes built through the arch-ring 
just above the skewback, finally discharge the water. Or the 
pipes may be built in the pier or abutment, and finally dis- 
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charge into the side drain of the road, or about one foot above 
the ground surface or flood-level. The surface of the backing 
and of the exposed arch-ring may be covered with an imper- 
vious coating of asphalt or of Portland cementi i to } of an 
inch thickt » 

To diminish the mass of brickwork, and its weight, the 
haunch backing for adjacent arches, is often built as a series 
of parallel walls, extending from haunch to haunch over the piers, 
and these walls, connected by small brick*work arches, covering 
the space between them ; they are called arched spandril walls. 

§ 181. An abutment with wing walls is sometimes built as 
a solid wairof graduated thickness ; or a thinner face wall may 
be supported by projecting buttresses or counterforts at the 
back ; the face wall may be of uniform thickness and the but- 
tresses of graduated thickness. 

The buttresses are commonly built at clear intervals of 3 
to 5 feet^ and may be a^.to 3 feet wide, the thickness of the 
face wall being 3 feet, the amount of projection of the buttres- 
ses at the footing courses, being made equal to one*fifth of the 
height of the wall, plus 2 feet, taking the nearest half-brick 
dimension. 

The width of a counterfort may be taken as one-tenth the 
height of the wall, plus 2 feet. 

For railway bridges of 26 to 30 feet span, practice gives 
examples of abutment feet walls 3 feet to 3} feet thick, and 
buttresses projecting 3i to 6 feet> and 2^ to 3 feet in thickness, 
with a clear space between buttresses of 3 feet and 3I feet. 
The spaces are arched over with semicircular arches, the soffit 
of the buttress arch being at the springing-level of the main 
arch. The solid backing to the haunch of the main arch, starts 
at a point above the springing-line, about i of the rise of the 
arch. The space between the buttresses should be filled with 
rubble, broken stone, brick or gravel. 

§182. The foundations of abutments and wing walls 
must be In sound, unyielding earth, strengthened, if required 
to be uniformly able to carry the load. Concrete (either of 
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good hydraulic lime or cement) in thicknesses of a feet and 
upwards may, if necessary, be freely used to extend the 
area of the foundation beds. Dry rubble stone, in 6-incb 
layers, may be well rammed down into soft clayey soil until a 
thickness of 3 feet and upwards is made compact. Gravel and 
coarse sand may be similarly used. Equal care must be paid 
to wing wall and abutment foundations, inequality of settle- 
ment will cause disruption of the structuroi and separation of 
parts. Abutment, wing and retaining wall foundations must 
be seated at a sufficient depth to prevent any lateral move- 
ment. There have been many cases of failure of such structures, 
due to shallow foundations offering insufficient resistance to 
lateral thrust. The requisite depth depends upon the charac- 
ter of the ^earth of the foundation trench and the intensity of 
pressure to be resisted ; it is rarely less than 4! feet for a wall 
10 feet high, and in many cases must be deeper. The founda- 
tion bed must be well drained and no percolating water permit- 
ted to gain access to it. 

The ordinary thickness of a brick (uer, measured at the top 
is |th of the span^ for spans from 15 to 30 feet. The top of the 
pier must be shaped to receive the springings of the adjacent 
arch support^ by it 

The constant load on a pier is the weight of the h|Llf*arch on 
each sidej including the superstructure above ; and the direction 
of resultant pressure is vertical* When tfae resistance to 
crushing! per unit of area of the masionry of the pier is known, 
the area of the horizwtal section can be estimated. In addi- 
tion to the constant load^ there is the live or moving load, whick 
causes a lateral pressure on the pieri attains a maximiup 
whea the live lo^d is at mid-spaji| and changes gradually to a 
vertical pressure vhefi over the pier ; allowance must be made 
for this load. The practical construction of the pier must also 
be considered, the top of the pier must giv^ room for the 
skewback surfaces^ 

§ 183* Wi»G WALLS-T-are generally huih wkh a face 
batter of i in 6 to i in 8 ; in masonry the larger and most 
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regularly-shaped stones should be bailt in the face of wall, 

and the mortar joints should be at right angles to the face 

and be well filled* In dry (mortarless) rubble walls the 

£ace joints are commonfy made horizontal for a depth of at 

least 9 to 12 inches; to prevent rain entering the inclined 

face joints and finding its way into the backing. The back 

of the wall at the top, for a deptb of 3 or 4 feet, should be given 

a batter of at least i in 12 from the vertical and. away from the 

face. 

The thickness of such wing walls varies with the lateral 

pressure^ ^nd is generally made from 1 to ^ the height of the 
wall measuring to the top of the footing-courses ; the face of 
the wall having a batter of i in 6 to 1 in 12. This thickness 
is for the wall just above the footing courses, and, having fixed 
a convenient thickness for the top of the wall, according to 
the necessity of supporting a horizontal surfaced mass of earth 
or of supporting the slope of an elevated or surcharged bank : 
the back of the wall will be the inclined line joining these two 
points, or a graduated or stepped line giving this minimum 
thickness. In ground of average character^ the thickness is 
generally made one-third of the height and in no case of 
surcharged or exceptional heavy loading is it considered neces- 
sary, to make the thickness more than one-half of the height. 

Approximate dimensions for retaining walls are given in 
the following table, where column A represents the angle 
(expressed in degrees to the horizontal) of repose of the 
earth backing of the t^all ; and column B gives the factor by 
which the vertical distance from the top of the wall to the 
footing-courses {h) is to be multiplied, to give the thickness at 

that point : 

*^ A B 

30 Ax 0344 

32 hX 0-331 

34 ^^ o*3i8 

36 hx 0-305 

38 Ax 0*292 

40 Ax 0-280 

42 Ax o'266 

45 ^ X 0*247 
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The thickness of the wall at the top is usually not less than 
2 to 2\ bricks^ and the nearest larger half-brick dimension is 
taken for the thickness ; the back of the wall being narrowed 
i n half brick steps at regular vertical intervals. 

Another rule is Trautwine's; the thickness at the top of 
the footing-courses, of a vertical or nearly vertical wall sustain- 
ing graveli sand or earth with level top surface, deposited 

loosely at back is— 

for cut stone or best rubble in mortar • 35 per cent, of the dis- 
tance from the top of 
the wall to the foot- 
ing course, 
for good common rubble or brickwork • 40 per cent. ditta 
for well fitted dry rubble . 50 per cent. ditto. 

If the backing to the abutment and wing walls is of a selected 
dry material, carefully consolidated in layers, either horizontal 
or sloping downwards away from the back of the wall, the thick- 
ness of the wing wall may be reduced. For sand and gravel,' 
having little or no cohesion, full dimensions must be used ; also 
for backing of mixed soils liable to settlement; and when 
soils likely to slip (wet clays, etc.) are compulsorily used, the 
thickness may be increased by about one-eighth to one-sixth. 

The thickness of a wing wall at the top is commonly not 
less than i\ bricks^ increasing rapidly by successive steps to 
^i to 3 bricks thick ; in some cases, the top^is made 2^ bricks 
thick, and graduated thicknesses succeed in regular order. 

§ 184. Figures no, iii and 112, pages 2461 247, show a 
good type of a masonry bridge designed and drawn by 
Mr. H. Western Hutchinson, A.M.I .C.E., who wishes it to be 
clearly understood that the drawings only represent a type, 
and that, although the design would be suitable for many 
places, it would not be advisable to erect such a structure 
without modifications in many other places. 

This remark refers especially to the foundations. It is 
imperative that the foundations should be of such a description 
that they will not be undermined by the stream ; it therefore 
follows that the nature of the strata of the banks of the stream 
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will in a large measure govern the design. In some cases 
indeed, it will be found expedient to build the abutments on 
pile-work. The apron has not been indicated in the drawing ; 
since its sice and the nature of its construction will depend 
upon, and vary with, local conditions, and, consequently, no 
definite general rules can be given on the subject. The use 
of the apron is to protect the foundations of the wing walls and 
the abutments from being undermined by the stream, and this 
fact should be kept in mind when the apron is being designed. 

Where the scour is considerable, it is always desirable to 
extend the apron for some distance beyond the wing walls 
both up and down stream. 

The thickness of the arch-ring of any bridge, that it is 
required to build, should be determined as detailed in § 177, 
page 233. The thickness of the abutments should be determined 
as described in § 178, page 236. The wing walls are practically 
retaining walls, and they should be designed as such, a thickness 
of 2 feet (for masonry) being given at the top of the wall and the 
thickness being increased by 6 inches at regular intervals of 
height, as detailed in § 183, page 243. The construction of the 
abutment will be easier to build if the inner side is stepped down 
as shown in figure no, page 246, instead of being carried dowi> 
as the sloping line shown in figure 109, page 239. 

The splayed out wing walls e (Figs, no and in, pages 246 
and 247) retain the earthen banks of the water-course on the up- 
stream and dovm-stream sides of the bridge. They are built ver- 
tical, instead of battered and leaning against the bank, to give 
unobstructed approach to the archway. If these retaining walls 
were battered, there would be a projecting part of the abut- 
ment against wj^ch the current would impinge and form eddies. 

The foundations for .the abutments, and those of the 
splayed retaining walls, must be seated on firm ground, below 
the bed of the stream. The foundation of the splayed wings 
may be at a shallower depth, or may be stepped up in firm 
undisturbed ground. A parapet wall about 3 feet high is built 
over the arch and abutments on each side of the over roadway. 

Vol. H. ^^ 
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Setiim. an, 3S j Section, mv CO 

Figurt I to is a half-section, half-tlevatitn of a good typt of masonry 
bridge. Tht half-seetion is taken acrast B B {Fig. ill) and skvas tkt 
abutptent and arch-ring of tha bridge only. 7A> unshaded portion a is 
the tUvation of the countarfort & of the sictional plan. Fig. iii. Tht 
foundationi must be carried belovi the Kouring action oftkettriam The 
paving of the bridge it thoan at b -aiith the -aaler of the ttream above if. 

In the half elevation (Fig. iro) the parapet mall c, the arch-ring d anJ 
the iving wall e, are seen. 'Jhe coping i of tht icing ^all is not shonn in 
the sectional plan in Fig. in. 

Figure tia is a section through the -aing viall e. Fig. no along the line 
C C of Fig. III. It sho-ws in detail tht construction of tht wing vail and 
how its thickness is increased by offsets at the bath, 

Figurt 111 is a half-sectional plan and half plan of the bridge. In 
the sectional plan the abutment (fi,g. Fig. no) and wing walls are shown 
only, tht areh-ring d is not shown. Tht abutment is strengthened by three 
counterforts a, a, 3. 

In the half-plan only tht lops of the parapets and the copings of the 
wing walls art seen. [Scale ^ inch ss 1 foot.) 
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Fig. III. 
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The width of the arch is the width of the over-road, plus 
the thickness of the two parapet walls ; which are generally not 
less than i \ bricks or 2 feet o fstone masonry thick. 

To protect the bed of the stream under the archway from 
scouring action, which might endanger the foundations, a floor 
of brick on edge in cement, may be built about 2i feet wide 
at each entrance of the arch, and the floor between is paved 
with stone blocks. The brick flooring often extends between 
the bank retaining walls on both sides of the bridge; the upper 
surface of the floor sloping downwards away from the arch> 
at the rate of i in 10; this portion of flooring is called the 
apron. 

To protect the up-stream and down-stream edges of the 
apron from being undermined by the current, short rectan- 
gular timber piles 9 inches by 3 inches to 12 inches by 6 
inches, according to the situatioui may be driven down with 
their narrow edges in close contact, and their sides fitting 
closely to the edge of the apron, forming a curtain wall 
generally not less than 4 feet deep, and deeper if the ground 
be soft, or the current swift. In soft soils, the bed of the 
stream, below the lower edge of the down-stream apron, may 
be thickly covered with rubble for a distance of 10 to 20 feet, 
the rubble stone being rammed into the bed of the stream 
flush with the surface of the apron. A flat floor may be used 
when the bed of the stream is fairly hard and compact If the 
ground is soft and yielding, and it is necessary to spread out 
the foundation bed area, so as to lessen the intensity of 
pressure per square foot, then across the waterway, between 
the abutments, there should be built an inverted arch support- 
ed on footing courses, and this inverted arch may be extended 
between the splayed retaining walls. 

If the bridge or culvert has to sustain a heavy load (of 
earthen bank, etc.) and there is reason to fear a settlement of 
the abutments, accompanied by a squeezing up of the soil of 
the foundation bed into the waterway, the inverted arch flooring 
should be built* 
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§ 185. Culverts. — Openings for the passage of water must 
be constructed through an embankment, carrying a road across 
the natural line of drainage of the country, and therefore not 
only streams, but also the lowest points of depressions must be 
amply provided with a through waterway, sufficient to prevent 
any accumulation of water above the embankment. 

For permanent work these openings are built in brickwork, 
stonework or concrete, and are termed culverts ; they are of 
sQialler span, and sectional area of opening than bridges, and 
often carry above them the greater part of the height of 
the embankment : in such cases they must be built of sufficient 
strength to withstand the crushing pressure of the earth. 

For work of a more or less temporary nature, or where 
brickwork or stonework is not available, timber culverts may 
be constructed which will last for several years, and where 
^ood workmen are procurable, culverts carrying only a light 
weight may be built in dry rubble. Figures 113 and 114 show 
two sections of culverts built in mortarless rubble. 

Where the current of water through the culvert is likely to 
be rapid, it is advisable to use mortar made with good hydrau- 
lic lime. If the culvert carries a light load, and the foundation 
bed of the side walls is in firm compact soil, not liable to be 



Fig. 113. 




Fig. 114. 
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Figure tis is an elevation of a flat-topped culvert viih two openings, 
the bottom of the culvert is paved with brick set on edge. 

Figure 114 is an elevation of a culvert made of dry rubble with a cor- 
belled top : the ends vf the top stone a should project beyond the outer end 
of candc\ 
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squeezed upwards into the opening ; the floor of the waterway 
may be paved with flat stones where the current is slow , and 
with rectangular stones set on edge in mortar where there is a 
more rapid flow of water. When the pressure on the culvert is 
great, and the foundation bed is likely to yield laterally, an 
inverted arch in hydraulic mortar, or cement should be built 
between the side wallS' ; just as in the similar case of a bridge 
erected on soft soil foundations (see § 184, page 2^4). 

The inverted arch must be built resting on solid rigid 
foundation courses of masonry or concrete. Figure 115 shows 
an arch and invert of cut-stone, which should always be built in 
mortar. 

Fig. XI 5. 




Figure 11$ is an elevation of a culvert with an arched top and an in^ 
verted arched bottom. 

The side walls may be of rough rubble^ well-fitted 'and 
cemented together. 

Where the volume of water is small, glazed earthenware 
socketted prpes of 12 inches bore and upwards, may be used,, 
and in some cases, zinc-coated corrugated iron sheets have been 
bent into a hollow cyrmder, rivetted up and used as pipes. 

§ 186. Timber culverts^ if the area of the passage is small 
can be built of the outside slabs sawn off squared logs ; these 
slabs are fitted together as shown in figure 116, and are nailed 
with zinc-coated nails, or simply trenailed. 
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Fig. 116. 




Figure 1x6 is an end'elevationof a small culvert madt of slabs sawn 
•off squared logs, either nailed together with einC'Coated nails or fastened 
together by trenails : a a are the slabs, b b the triangular-shaped fillets 
which check leakage, {Scale t -^^ .) 

The triangular fillets nailed in the lower angles check leak* 
age from the culverts, they are sometimes bedded in stiff plastic 
clay. These culverts or tninking are made in convenient 
lengths, say of 12 to 14 feet, and when two lengths are to be 
joined^ the simplest plan is to form a trimmed but-joint housed 
in a short length, say 2 feet of larger trunking of sufficient 
area to admit the two square trimmed abutting ends, and the 
joint can be made practically water-tight with a plastic clay 
lining to the outer trunking. 

A larger timber culvert made of roughly squared logs, or 
slabs on two opposite sides, or on three sides, is shown in 
Figs. 117 and 118. The floor of the culvert is paved with rectan- 
gular stones on edge set in a framework of timber logs. 

§ 187. The actual size of a culvert depends upon the water- 
way to be provided for the natural drainage of the country 
Culverts are seldom made of large span, or height of passage, 
cMiless provision has to made for an unusually rapid accumula- 
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Fignr* iij ii a part end elevation, and figure 118 part longitudinal section of a timber log evlvert uied 
en the Canadian Pacific Railiaay. The sides of the culvert are made of legs 10 inches square in section, a and 
c are /aj feet long, b and d 8\fcet long, d is notched t inch deep into the floor logs. These logsaredrift bolted 
together through ti»o logs and into a third. The top of the culvert is farmed 0/ roughly squared logs {to"Xfo'i 
notched I inch an to the side and partition walls. Uprights h are placed at intervals of 10 feet along the length 
»f the culvert and fastened with 1 inch bolts ta the logs a and d. The floor is made of cross logs f, f placed a 
intervals of 3i feel {eicept near the end of the culvert, lehick is formed of tags placed close together) and thf 
ipaces between are filled in nith ttone paving p, p. I%e dotted lines in figure 118 passing through the logi 
a,h, e, end d, are drift-bolts. [Scale ^.) From " Ensineemg," published ijlh December, iSgj. 
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tion of storm vvater, causing sudden high floods in strean:s. In 
general, if a large area of waterway has to be provided to 
carry off ordinary shallow flood water, it is better and cheaper 
to make two or more small culverts side by side. 

The following table, showing the dimensions of culverts in 
Railway embankments, taken from Molesworth's Pocket Book of 
Engineering Formulae*, may be of use in deciding upon the thick- 
ness of the arches and side walls of culverts used in road em- 
bankments. As road-carrying culverts are not subjected to the 
vibrations due to rapidly moving loads as on railways, the 
dimensions in the table might be diminished by one-eighth to 
one-twelfth ; but in brickwork, dimensions are generally modi- 
fied to the nearest half-brick measurement, and, consequently, 
in these small culverts the tabular sizes are observed :— 
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SECTION VIIL— PLANS AND ESTIMATES. 
§188. The plans and estimates for a bridge should be 
prepared in an exactly similar manner to those required for a 
building, and the instructions given in Volume I, Part II, Section 
XI, pages 280 et j^y.,* should be followed. 

The estimate should begin with a report showing the 
necessity for the bridge, and the reasons for the selection of 



* 21 St Edition, page 10& 
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the design chosen. The drawings necessary to show the 
general design, and the details of the different parts of the 
structure should be submitted, as well as such working 
drawings as may be considered necessary* 

The calculations necessary for the determinafion of the 
dimensions of the different parts of important budges should 
be given, but these are not usually necessary in the case of 
simple bridges of a small span. 

A specification describing, in detail, the character of the 
work, the materials to be used, and the method of construction 
to be followed, should also be prepared. The quantities of 
materials required should be carefully taken out, the details of 
all the different sizes of scantings, etc., being shown separately. 
An abstract of the cost of the work should also be sub* 
mitted. 
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APPENDIX I. 

Table to show the values of the natural trigonometrical rattos 
• of angles from 0° — 90° correctly to three places of deci'^ 
tnals (adopted from MoleswortVs Pocket-book of Engi* 
neering Formulae). 
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